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The literature now contains over 100 cases of hyperparathyroidism 
proved by autopsy or operation. .\t the Massachusetts General Hospital 
we have studied 19 such cases. Our experience with the first 14 of these 
cases led us to believe that the pathologic basis of this condition is a 
functioning adenoma of one parathyroid gland, or possibly on rare occa- 
sions of two glands, with the remaining glands relatively normal (fig. 1 ).' 
The vast majority of the cases in the literature supported this belief. 

Cases 15, 16 and 17 in our series, however, demonstrate conclusively 
that the parathyroid pathologic process in some instances is entirely 
different, namely, a hyperplasia of all parathyroid tissue. This consti- 
tutes a different disease, which it is important to recognize and which 
requires different treatment. 


REPORT OF CASES 


Case 15.—A. P., a widow of 62, entered the hospital for the third time in 
November 1933, with the diagnosis of renal calculi. She stated that she had 
“always been a large water drinker.” She first noticed the occasional passage of 
gravel with urination about seven years previously. Her first admission in 1928 
was because of bilateral renal calculi. Two stones were removed from the right 
kidney pelvis. Her past history at that time showed no suggestion of bone involve- 
ment except that her teeth had been removed about fifteen years previously because 
of “rheumatism.”” She had had rheumatic fever as a child. Seventeen years before 
this admission she had had gallstones removed. The menopause occurred in 1923. 


She had two children. 


Read before the Society of Clinical Investigation at Atlantic City, N. J., on 
April 30, 1934. 

From the Medical, Pathological and Surgical Departments of the Massachu- 
setts General Hospital. 

1. Albright, F.; Aub, J. C., and Bauer, W.: Hyperparathyroidism: A Com- 
mon and Polymorphic Condition as Illustrated by Seventeen Proved Cases from 


One Clinic, J. A. M. A. 102:1276 (April 21) 1934. 
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Her second admission was noncontributory. 

On her third admission, in November 1933, bilateral renal calculi were again 
found. The positive findings on physical examination were edentia, rheumatic 
heart disease with mitral stenosis and auricular fibrillation and a slight cystocele 
and rectocele. The nonprotein nitrogen content of the whole blood was 32 mg 
per hundred cubic centimeters. The urine showed many white cells but was 


otherwise not remarkable. The excretion of phenolsulphonphthalein was only 


slightly impaired. A stone was removed at operation from the left ureter. 





Fig. 1—Photomicrograph of a small parathyroid adenoma in patient 2 of the 
series reported by Albright, Aub and Bauer,! illustrating the situation which 
exists in most cases of hyperparathyroidism, namely adenoma formation. The 
adenoma is so small that the normal parathyroid tissue with its honeycombing of 
fat cells can be seen as a crescent at the periphery. 


Routine serum calcium and phosphorus determinations were done as on all 
patients with renal calculi. The values found were 15 and 2.2 mg., respectively, 
per hundred cubic centimeters; these were checked at 13.9 and 2.2 mg. It appeared 
probable, therefore, that the stones were due to hyperparathyroidism. 

Roentgenographic studies failed to show evidence of skeletal involvement. This 
fitted the fact that the serum phosphatase was only slightly elevated, 7.3 Bodansky 
units. 
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On December 19, the neck was explored (E. D. C.). Almost at once a para- 


thyroid tumor, measuring 1.5 by 1.2 


by 0.5 cm., was found below the right lobe 
f the thyroid. The dissection was carried to the left side, and another tumor 
1.8 by 0.8 by 0.6 cm.) was found in a position symmetrical with that of the 
first. Both tumors were removed. The dissection was not carried further 
fig. 2A). 

This was the first patient in our series in whom more than one tumor was 


found. The postoperative course was followed with some anxiety, in anticipation 
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Fig. 2.—A, parathyroid glands removed from A. P. at the first operation. 


B, a parathyroid gland removed from A. P. at the second operation. 

of severe tetany. Much to our surprise no signs of tetany appeared, and the 
serum calcium and phosphorus values seven days aiffer operation were found to 
be 15.4 and 2.2 mg., respectively. It then seemed probable that the patient had 
at least one more tumor and that we had been dealing with hyperplasia of all 
four parathyroid glands. This point of view was strengthened when the histologic 
structure of the two tumors was found to be different from that in the first 14 


cases in the series. 
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A second operation was performed on Feb. 28, 1934. In spite of a thorough 
search, the left upper parathyroid gland was not demonstrated. The right upper 
gland was easily found lying behind the esophagus and extending into the posterior 
mediastinum. It measured 5 by 3 by 1.3 cm. It was resected, a piece of gland 
about twice the size of a normal gland being left in place (fig. 2B). Following 
this operation there was a definite change in the blood calcium and phosphorus 
values (table 1). 

Case 16.—T. F., a truck driver of Irish descent, single, aged 26, entered the 
urologic service in October 1933 because of right renal colic. He had had inter 
mittent attacks for fifteen months. Polyuria, polydipsia and nocturia (urination 
three or four times each night) had been present for one year or so. Physical 
examination was noncontributory. The roentgenogram showed two small stones 
in the right ureter. The phenolsulphonphthalein excretion was normal, as was 


TABLE 1.—Preoperalive and Postoperative Serum Calcium and Inorganic 
Phosphorus Values for A. P. 


Calcium, Phosphorus, Phosphatase, 
Date Mg. per 100 Ce. Mg. per 100 Ce. Bodansky Units Comment 


9 
9 


First operation 


Second operation 


NNMMMMN-s: 
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the nonprotein nitrogen level in the blood. The urine at that time was reported 
as normal. The stones were removed at operation. 

The routine test for serum calcium and inorganic phosphorus showed these 
values to be 15.1 and 1.8 mg. per hundred cubic centimeters. 

The diagnosis of hyperparathyroidism was clear. Roentgenograms of the 
bones showed no evidence of bone disease, which corresponded with the fact that 
the patient had had no symptoms referable to such involvement. Further examina- 
tions of the urine showed it to be loaded at times with fine granular casts of a type 
which we now associate with hyperparathyroidism.? 

Operation was performed on Feb. 16, 1934. A parathyroid tumor, measuring 
1.5 by 1 by 0.6 cm., was found below the right pole of the thyroid at the sterno- 
clavicular junction. This was removed. Directly beneath this was a second, much 
larger tumor that lay on the surface of the prevertebral fascia and the postero- 
lateral aspect of the trachea and esophagus; anatomically it could well have been 
a tumor of the right superior parathyroid body descending on the deep plane of 
fascia. This likewise was removed. It measured 4.5 by 3.5 by 2.5 cm. 


2. Albright, F., and Bloomberg, E., to be published. 
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The histologic structure of the two tumors was identical and similar to that 

the three tumors in case 15 and dissimilar from that of the tumors in our first 
14 cases. 

The preoperative and postoperative serum calcium and phosphorus values are 
shown in table 

Case 17.—J. M. M., a married woman of 55, entered the urological service on 
Dec. 1, 1933, with the diagnosis of right ureteral calculus. Right renal colic had 


developed fourteen months previously, and she had had intermittent attacks since 


that time. There was no history of polyuria, polydipsia or passage of gravel. 

The past history showed syphilitic periostitis diagnosed in 1927, for which she 
had had adequate treatment. At the age of 36, one pregnancy terminated with a 
miscarriage at six months. An uneventful menopause occurred six years before 
admission. There was no history of symptoms related to involvement of the 
skeleton. Her teeth had all been removed twenty-five years previously because 
of “decay.” She ate little meat and drank almost no milk. 

The physical examination revealed little of importance. The blood pressure 


was 170 systolic and 95 diastolic. She was moderately obese. 


TasBLeE 2.—Preoperative and Postoperative Serum Calcium and Inorganic 
Phosphorus Values for T. I. 


Calcium, Phosphorus, 
Mg. per 100 Ce, Mg. per 100 Ce, Comment 

15.4 2.6 High ealeium, high phosphorus diet 
15.3 

16.0 2. Operation 

11.9 

11.7 

10.8 

10,2 


Roentgen examination of the kidneys with iopax revealed bilateral double 
ureters with a stone in one of those on the right. The heart was enlarged, and 
there was calcification in the aortic knob. 

The renal function, as judged by the fractional phenolsulphonphthalein excre- 
tion, was normal. The urine showed white cells and red cells. The nonprotein 
nitrogen content of the blood was 31 mg. per hundred cubic centimeters. The 
Wassermann reaction was positive and later negative. 

The stone was removed on December 5. 

The routine determinations of serum calcium and inorganic phosphorus showed 
a calcium content of 12.7 mg. and a phosphorus content of 2.4 mg.; these were 
checked at 14 mg. and 3 mg. The serum phosphatase was 4.2 Bodansky units, a 
normal figure, which supported the clinical impression that there was no bone 
disease. The diagnosis of hyperparathyroidism seemed assured. 

Special roentgenograms of the skeleton failed to demonstrate skeletal disease. 

The parathyroid region was explored. Four parathyroids were found at the 
four poles of the thyroid. All were greatly enlarged. Three of the glands were 
removed, leaving the right upper one, from which a small bit was taken for 
histologic examination. 

The weights and dimensions of the glands removed were as follows: left upper, 
2 Gm., 2 by 2 by 1 cm.; left lower, 0.6 Gm., 1 by 0.8 by 0.4 cm.; right lower, 


0.8 Gm., 1.8 by 1.2 by 0.4 cm. 
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The histologic structure of these four glands was similar to that of the thre: 
glands removed in case 15 and the two glands removed in case 16. The preopera 
tive and postoperative serum calcium and inorganic phosphorus values are given 
in table 3. 

HISTOLOGY 

A histologic study of the parathyroid tissue removed in these 3 cases 
reveals two important facts: In the first place, the microscopic picture 
is everywhere similar in the different glands of the same patient and 
in those of the different patients ; in the second place, it is entirely differ- 
ent from that seen in the other 16 cases (figs. 3, 4 and 5). 

Although the single tumor nodules are very variable among them- 
selves as regards histologic structure, the following brief composite 
description will be given for comparison. .A more complete report of 
the study of the morphology of both types of tumors is being prepared 


by one of us (B. C.). 


TABLE 3.—Preoperative and Postoperative Serum Calcium and Inorganic 
Phosphorus Values for J. M. M. 


Calcium, Phosphorus, 
Mg. per 100 Ce, Mg. per 100 Ce, Comment 


Serum phosphatase, 4.2 Bodansky units 


Operation 


The single tumors are usually composed of hyperchromatic chief 
cells, slightly larger than the normal chief cell. Occasionally these 
cells are twice the normal size and are multinucleated. No mitotic fig- 
ures are seen. The cells are arranged in columnar, glandular or pseudo- 
glandular formation and often show definite palisading. In addition 
to the pure chief cells, there are often cells with water-clear cytoplasm 
(wasserhellen Zellen). The latter are larger than the chief cells and 
have more sharply demarcated cell membranes, and their cytoplasm is 
practically nonexistent owing to vacuolation. Such cells have a tendency 
to arrange themselves in circumscribed, closely packed, nonalveolar 
groups of varying sizes, but only in rare instances do they comprise 
most of the specimen. Transition forms between the chief and the 
water-clear cells are met with in many cases. Finally, as in the normal 
parathyroid, almost all of the single tumors contain oxyphil cells, either 


singly or in groups of varying size. The two other important differenfes 


from the normal are the increased vascularity and the decrease or absence 
of fat cells. 




















Fig. 3.—Photomicrographs illustrating how the histologic structure of the 


parathyroid tissue in these cases (D) differs from normal tissue (.4), and from 


that in cases of solitary enlargement of the parathyroid glands (B and C). A 
shows normal parathyroid tissue. Note the honeycombing with fat cells. B shows 
parathyroid tissue from a case of solitary enlargement made up of chief cells. 
C shows parathyroid tissue from a case of solitary enlargement in the transition 
stage to wasserhellen cells. D shows parathyroid tissue from A. P. Note the size 
of the cells, the clearness of the cytoplasm and the tendency to gland formation. 








Fig. 4—Photomicrographs illustrating the uniformity of structure in three 
parathyroid glands removed from A. P. A shows gland 1 from the first opera- 
tion; B, gland 2 from the first operation, and C, a gland from the second operation. 
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In the glands from the 3 cases of multiple enlargements reported 
here the cells are all of the same type, a wasserhelle Zelle which is much 
larger than the same type of cell as it occurs in the solitary tumors. 
Furthermore, there is an increased tendency to glandular arrangement. 
Fat tissue is absent. There is almost no intracellular fat. Oxyphil 
cells, chief cells and mitotic figures are absent. The homogeneity of 
structure, the size of the cells, the clearness of the cytoplasm and the 
tendency to glandular formation, however, are the features which char- 


acterize this condition. 














Fig. 5.—Photomicrographs illustrating the uniformity of structure of the para- 
thyroid tissue in the 3 patients under consideration. .4 shows tissue from T. F., 
B, tissue from J. M. M., and C, tissue from A. P. 


COMMENT 

It is apparent in these 3 cases that some factor was present causing 
hyperplasia of all parathyroid tissue. Furthermore, hyperplasia of the 
parathyroids can apparently be divided into two types: that in which 
there is an increased need for the hormone, a compensatory hyperplasia 
as it were, and that in which some factor drives the parathyroid tissue 
to produce more hormone than is needed. Examples of the former are 
the hyperplasias seen in calcium privation, pregnancy, rickets, osteo- 


malacia and possibly long-standing renal insufficiency. In these condi- 


tions, because of adverse circumstances an increased amount of hormone 
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is apparently needed to maintain a normal calcium level. In the 3 
cases reported in this paper, however, the hyperplasia actually produced 
a quantity of hormone beyond that which was needed. The hyperthy- 
roidism of exophthalmic goiter is an analogous example of a hyperplasia 
viving rise to more hormone than is needed. 

The question arises as to what factor could be causing this hyper- 
plasia. Hertz and Kranes * have shown that extracts of the pituitary 
gland contain a parathyreotropic substance which will cause hyperplasia 
of the parathyroid glands of recipient animals. The possibility suggests 
itself, therefore, that there may be hyperfunction of this factor in the 
pituitaries of these patients. 

It consequently becomes of interest to consider what evidence there 
is, in these or in similar cases, of an underlying pituitary disorder. 
Eleven cases of multiple parathyroid enlargements reports of which are 
abstracted from the literature throw considerable light on this aspect of 
the question. They have been collected from a total series of 101 proved 
cases of hyperparathyroidism which have come to the author’s attention. 
These 101 cases are by no means a complete series. Of course, the fact 
that a person has two enlarged parathyroid glands does not, per se, mean 
that hyperplasia and not multiple adenoma formation is present.“ How- 
ever, the presence of enlargement in two glands certainly suggests hyper- 
plasia, and some, if not all, of these 11 cases certainly are analogous 
to our 3 cases. 

CASES FROM THE LITERATURE 

Case 1 (Schmorl;* Molineus °).—A woman, aged 48 at the time of death, 
had had symptoms of a pituitary tumor since she was 20. She presented the 
symptoms of Cushing’s disease,® with amenorrhea, hirsutism and obesity, plus the 
symptoms of osteitis fibrosa cystica. At autopsy the pituitary tumor was found 
to be a basophilic tumor. One parathyroid gland measured 2.3 by 1.1 by 1.2 cm.; 
all the glands were enlarged. The kidneys were contracted. She had a colloid 
goiter. Histologically, the parathyroid tissue was apparently not so remarkable as 


in our 3 cases. 


3. Hertz, S., and Kranes, A.: Parathyreotropic Action of the Anterior Pitu- 
itary: Histological Evidence in the Rabbit, Endocrinology 18:350, 1934. 


3a. Since this paper went to press 4 additional patients have been studied and 
operated on, bringing our series to 23 cases. Case 23 was exactly similar as 
regards the parathyroid pathologic changes to the 3 cases here reported. Both 
cases 20 and 21 showed two parathyroid adenomas, making it clear that the 
presence of two enlarged glands does not necessarily mean that generalized hyper- 
plasia is present. This whole subject will be discussed in detail in a paper by 
Castleman and Mallory to appear in the American Journal of Pathology. 

4. Schmorl, G.: Muiinchen. med. Wehnschr. 59:2887, 1912. 

5. Molineus: Ueber die multiplen braunen Tumoren bei Osteomalacie, 
f. klin. Chir. 101:333, 1913. 

6. Cushing, H.: Further Notes on Pituitary Basophilism, J. A. M. 
281 (July 23) 1932. 
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CasE 2 (Hoffheinz *).—The patient died at the age of 42 with uremia, having 
had typical symptoms of osteitis fibrosa cystica. Autopsy revealed, besides ¢ 
skeletal disease, bilateral nephrolithiasis, calcium deposits in both kidney pare: 
chymas, multiple adenomas of both suprarenal cortices, atrophy of both suprarenal 
medullas and multiple parathyroid tumors (measuring in their largest diameters 
5.5, 4.5, 2 and 1.4 cm.). All parathyroid tissue, including that of a fifth minut 
body in the thyroid, was composed mainly of wasserhellen Zellen and was probably 
not unlike that in our cases. The pituitary findings were not striking. 

Case 3 (Goédel §).—The patient was a woman 42 years old at the time of deatl 
Autopsy revealed that both lower parathyroid glands were markedly enlarged 
(5 and 10 cm. in their longest diameters). The upper parathyroids were n 
found. The kidneys showed calcium casts. The skeleton showed typical Reck 
linghausen’s disease. The histologic appearance of the parathyroid glands in this 
case, as reported, does not suggest similarity to our cases. 

CasE 4 (Paul ®)—A man, who died at the age of 56, had lost 13 Kg. in tl 
previous two years by dieting. At autopsy two parathyroid tumors, each about 
6 cm. in the longest diameter, were found. There was, in addition, marked enlarge 
ment of the suprarenal cortices with adenoma formation in them. Together the; 
weighed 65 Gm. (normal weight circa 12 Gm.). The kidneys were enlarged and 
finely granular. The urine had shown albumin and hyaline casts, and the non 
protein nitrogen level in the blood before death had been 100 mg. per hundred 
cubic centimeters. The blood pressure likewise had been elevated (184 systolic and 
100 diastolic). Histologically, calcium deposits were present in the liver, kidney 
and blood vessel walls. The cells of the parathyroid parenchyma were described 
as Clear, lightly staining cells with marked alveolar formation. The bones showe« 
typical osteitis fibrosa cystica. 

Case 5 (Hellstrém 1°) —A woman of 44 had typical osteitis fibrosa cystica 
at least five years’ duration. Catamenia was still regular. She had one sor 
aged 19. A parathyroid gland, the size of a walnut, was removed from the left 
side. This was attended by only a slight fall in the elevated serum calcium leve! 
Subsequently an equally large gland was removed from the right side. The serun 
calcium then returned to normal. The histologic appearance of the two glands 
was similar. The cells had “small nuclei rich in chromatin and a light somewhat 
finely granular protoplasm scarcely stainable with eosin.”” The tendency to alveolar 
and cystic formation was stressed. 

Case 6 (Bergstrand!!).—The patient was a 57 year old woman, the mother 
of three children. Her symptoms of hyperparathyroidism started simultaneous]; 
with the cessation of the menses, at the age of 55. Her blood pressure was el 

7. Hoffheinz, S.: Ueber Vergrésserungen der Epithelkdrperchen bei Ostitis 
fibrosa und verwandten Krankheitsbildern, Virchows Arch. f. path. Anat. 256:705, 
1925. 

8. Godel, A.: Epithelkérperchentumoren bei tumorbildender Ostitis fibrosa 
Wien. klin. Wechnschr. 38:247, 1925. 

9. Paul, F.: Ostitis fibrosa generalisata. Epithelk6rperchen und Nebennieren 
Beitr. z. path. Anat. u. z. allg. Path. 87:503, 1931. 

10. Hellstrom, John: WHyperparathyroidism and Osteitis Fibrosa Generalisata, 
Acta chir. Scandinay. 69:237, 1931. 


11. Bergstrand, H.: Ostitis fibrosa generalisata Recklinghausen mit  pluri- 
glandularer Affektion der innersekretorischen Driisen und r6éntgenologisch nach- 
weisbarem Parathyroideatumor, Acta med. Scandinay. 76:128, 1931. 
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ted when first seen but diminished as time went on. Her basal metabolism was 
iochtly elevated. Polyuria was marked. Rare granular casts without albumin 
ere noted (cf. case 16). 
\t autopsy there were found hyperplasia of all parathyroid glands, hyperplasia 
the thyroid gland, nephrosclerosis, cholelithiasis and Recklinghausen’s disease 


the bones. The pituitary was histologically and grossly normal. The lower 
>? 
am | 


right parathyroid measured 4.5 by 2.5 by 3 cm., and the upper left, 4.5 by Vy 

5 cm.; the remaining two glands were twice the normal size. The suprarenals 
veighed 10 Gm. apiece. There was a leiomyoma of the uterus. The kidneys 
showed calcium deposits, which were most marked in the tips of the pyramids 
cf. granular casts; cf. also Albright and Bloomberg *). All of the parathyroid 
tissue had the same structure: It consisted of “large, epithelial cells, rich in proto- 
plasm.” There was a tendency to form follicles. No colloid was seen. The cells 
ontained no fat or only the least bit. There were no Welsh cells. The author 
alled attention to the analogy with exophthalmic goiter. 


Cases 7 and 8 (Hunter !*).—Each of 2 patients reported on by Hunter had 


two enlarged parathyroids. The first patient, on whom autopsy was performed, 
vas a woman of 49 with a history of osteitis fibrosa cystica for eight years at 
the time of death. She had had four children. Autopsy showed calculi in the 
pelvis of one kidney, advanced bone lesions and two parathyroid tumors (1.1 and 
2.8 cm. in their longest diameters). Histologically, Dr. Turnbull considered these 
hyperplastic rather than neoplastic and noted that the majority of the cells were 
‘principal cells in the dropsical or ballooned state.” 

The other patient was a woman of 51 who had had osteitis fibrosa cystica for 
at least three years. She had had three children. Calculi were present in both 
renal pelves, and albuminuria was marked. At operation the two upper parathy- 


roids were found to be normal and left in place; two tumors were found and 


removed. They measured 2 and 7.5 cm. in their longest diameters. Tetany devel- 
ped postoperatively. On histologic examination these glands were composed of 
pale oxyphil cells. 

Cases 9 and 10 (Hanke '*).—Both of the patients who came to autopsy whose 
cases were reported by Hanke had multiple tumors. His second case, that of a 
woman of 40, was more nearly analogous to the cases here under consideration. The 
patient died with advanced osteitis fibrosa cystica. One parathyroid was the size of a 
hen’s egg and one the size of a walnut, and two were the size of peas. All histo- 
logically showed almost exclusively wasserhellen Zellen in alveolar and follicular 
arrangement. There was a small cortical adenoma in one suprarenal. There were 
changes in the pituitary of questionable significance. The kidneys were granular 
and contained parenchymatous calcium deposits. 

The first case was that of a woman who died at the age of 33 with advanced 
bone disease. She had two very large parathyroid glands, but histologic examina- 
tion showed these to be composed of oxyphil cells. The suprarenal glands were 


large (7.47 and 7.3 Gm.). There were calcium deposits in the kidneys. The 
le 


pituitary showed localized areas of chief cell hyperplasia. 


12. Hunter, D.: Hyperparathyroidism: Generalized Osteitis Fibrosa (With 
Observations upon the Bones, the Parathyroid Tumours, and Normal Parathyroid 
Glands by Herbert M. Turnbull), Brit. J. Surg. 19:203, 1931. 

13. Hanke, H.: Pathologische und theoretische Untersuchungen iiber Osteo- 
dystrophia fibrosa (v. Recklinghausen) und ihre Beziehung zu Epithelkérperchen- 
tumoren, Arch. f. klin. Chir. 172:366, 1932. 
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Case 11 (Abel et al.‘4)—The patient was a woman of 58 with typical osteitis 
fibrosa cystica from whom two parathyroid tumors were removed, one “thre: 
times normal size” and one the “size of a walnut.” Tetany developed on the sixth 
day following the operation. 

COMMENT 

In addition to these 11 cases there are in this series of 101 cases 
3 others with multiple tumors. Two of these (one reported by Moli 
neus,” in a woman of 59, and one by Beck,'* in a woman of 41) are 
not considered because the evidence for uniform hyperplasia is rather 
scanty. The other, that of a boy of 20 reported by Hubbard and Went- 
worth,'® was left out since the cause for the hyperplasia was probably 
renal disease. Whereas hyperparathyroidism certainly causes renal 
disease, renal disease may cause hyperplasia of the parathyroids (see 
discussion in a previous paper '*). In none of our 3 cases was there 
sufficient renal insufficiency to suggest this as the cause of the hyper- 
plasia. In several of the cases cited from the literature, however, this 
factor cannot be entirely ruled out. We recently had an opportunity, 
furthermore, to study the glands in a patient with multiple enlarged 
parathyroids who died with uremia from long-standing renal disease. 
The histologic picture in this case was not similar to that in the 3 
cases here reported. 

If one focuses on the 11 cases abstracted from the literature and 
the 3 cases here reported, one finds considerable circumstantial evidence 
incriminating the anterior lobe of the pituitary. 

In the first place, it is now well establistied that there is an increased 
excretion of the gonad-stimulating hormone of the anterior lobe of the 
pituitary in the urine during the menopause and for years later. This 
increased excretion was present in both of our female patients (aged 
62 and 65). Hellstrom’s patient was a woman of 44; Bergstrand’s 
patient had the onset of her symptoms at the menopause; Hunter’s 2 
patients were 49 and 51, respectively; Hanke’s second patient was a 
woman of 49; the patient observed by Abel and his associates was a 
woman of 58. Eight of the 14 patients, therefore, probably had an 
increased activity of this factor of the pituitary as part of the menopause. 
On the other hand, our male patient gave a negative reaction to a test 


14. Abel, A. L.; Thomson, G., and Hawksley, L. M.: Generalized Osteitis 
Fibrosa: Case Successfully Treated by Removal of Parathyroid Tumours, Lancet 
2:525, 1933. 

15. Beck, A.: Arch. f. klin. Chir. 152:123, 1928 

16. Hubbard, R. S., and Wentworth, J. A.: A Case of Metastatic Calcification 
Associated with Chronic Nephritis and Hyperplasia of the Parathyroids, Proc. Sox 
Exper. Biol. & Med. 18:307, 1921. 

17. Albright, F.; Baird, P. C.; Cope, O., and Bloomberg, E.: Studies on the 
Physiology of the Parathyroid Glands: IV. Renal Complications of Hyperpara- 
thyroidism, Am. J. M. Sc. 187:49 (Jan.) 1934. 
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for this substance. We have, furthermore, evidence which shows that 
the parathyreotropic substance of Hertz and Kranes is not identical 
with the gonad-stimulating hormone from the pituitary. 

The gonad-stimulating hormone of the pituitary is thought to be 
connected with the basophilic cells of that organ. Therefore, the case 
of Schmorl and Molineus, in which a basophilic adenoma was present, 
ain suggests a relationship with this hormone, in any case with the 


ag 


pituitary. Cushing,® of course, has emphasized the presence of osteo- 


porosis in patients suffering from basophilic tumors of the pituitary, 
and has predicted parathyroid hyperplasia in such cases. 

The anterior lobe of the pituitary, furthermore, exerts a marked 
stimulating effect on the suprarenal cortex. Of the 14 patients under 
consideration, 7 were examined post mortem. Of these 7, Hoftheinz’ 
patient showed multiple cortical adenomas; Paul’s patient had markedly 
enlarged suprarenals (65 Gm. together); Bergstrand’s patient had 
enlarged suprarenals (10 Gm. each), and both of Hanke’s patients had 
enlarged suprarenals and 1 had an adenoma of the suprarenal cortex. 
The suprarenals were not mentioned as being hypertrophied in Molineus’ 
patient with typical Cushing's disease, but this is a part of that condition. 
There is, therefore, evidence incriminating the suprarenal cortex- 
stimulating factor of the anterior lobe of the pituitary in these cases 
as well. 

There the matter must remain for the time being. It seems almost 
certain that such patients have an overabundance of a_parathyroid- 
stimulating factor; it seems not unlikely that this is identical with the 
substance described by Hertz and Kranes. Even so, what relation such 
a substance bears to other pituitary factors remains for the future to 
determine. With the aid of Dr. Hertz, studies aimed at the isolation 
f a parathyroid-stimulating factor from the urine of these patients 
are being conducted. 

The treatment of generalized hyperplasia of parathyroid tissue with 
hyperparathyroidism is still to be worked out. Certain facts seem 
apparent. Surgical intervention directed at the parathyroid glands has 
certain difficulties with which to contend. Complete removal of all para- 
thyroid tissue must be avoided until a more satisfactory replacement 
treatment is available. A subtotal removal will be satisfactory only if 
something analogous to what occurs in exophthalmic goiter is found 
to hold for this condition. Thus, if it is learned by experience that 
there is a certain fixed amount of hyperplastic tissue which can be left 
in place—too little to regenerate and again cause hyperparathyroidism 
but sufficient to prevent the parathyreoprivic state—then, and only then, 
will the condition be amenable to surgical treatment. To learn how much 
such a fixed amount might be, if existent at all, it will be necessary in 
such cases that the surgeon endeavor to see all parathyroid tissue and 
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to know exactly what is being removed and what is being left behind. 
Figure 6 has been constructed with this in view. Case 17 is especially 
instructive, as all of the glands were accounted for. A glance at table 3 
shows that the desired end was obtained to date in this patient. It is 
of course too early in any of these cases to discuss the results of treat- 
ment. We merely wish to outline the problem. Roentgen irradiation 
may even have to be reconsidered. Although it has not been of value 
in this clinic in cases of parathyroid adenoma it may heip in the cases 
of hyperplasia. 

The pathologist may be of considerable help to the surgeon at the 
time of operation. The histologic structure in these cases is so charac- 
teristic that a frozen section from a biopsy specimen from the first gland 


found should make it clear whether the condition under consideration 





CASE - 15 CASE- \6 


Fig. 6.—A schematic representation of parathyroid tissue removed (solid black), 














parathyroid tissue seen and left (diagonal lines) and parathyroid glands not 
accounted for (dots). This figure was drawn to scale but has been much reduced 
in size in the printing. The glands not accounted for were drawn with dimensions 


of 0.5 by 0.5 cm., the approximate size of a normal gland. 


is present. If it is, exploration surely should be continued. If not, it 
does not mean that there may not be other enlarged glands, as certain 
cases in the literature certainly suggest the possibility of multiple adeno- 
mas, but they are much less likely to be present. In case 18 in this 
series an exploration difficult because of an adenomatous thyroid was 
discontinued when the frozen section of the parathyroid enlargement 
removed was interpreted as not showing hyperplasia. 

We attach no significance to the fact that none of our 3 patients 
had bone disease. We consider this a complication of the disease, depen- 
dent on duration, degree and dietary habits, rather than a necessary 
feature. The metabolic findings were typical of hyperparathyroidism. 
The data for the urinary excretion of calcium and phosphorus were 
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ot given, but very large amounts were excreted by patients 15 and 


‘or whom these values were determined. 


SUMMARY 
Three patients with clinical hyperparathyroidism were found at oper- 


ition to have multiple parathyroid enlargements, considered to represent 


hyperplasia of all parathyroid tissue. 


The histologic structure of the glands in these patients differed 
narkedly from that in 16 cases from the clinic in which only solitary 
parathyroid enlargements were present. The distinctive features were 
the uniformity of structure, the enormous size of the cells, the extreme 
clearness of the cytoplasm and the tendency to glandular formation. 

\ distinction is made between parathyroid hyperplasia with hyper- 
parathyroidism and compensatory hyperplasia of the parathyroid glands. 
\n analogy between the former and exophthalmic goiter is made. 

Hyperplasia of the parathyroid glands with hyperparathyroidism 
is considered a disease entity. 

The surgical treatment of parathyroid hyperplasia with hyperpara- 
thvroidism brings up some interesting questions. Thus removal of two 
enlarged glands in one of these patients was without effect on the serum 
calcium and inorganic phosphorus levels. Even with removal of suffi- 
cient tissue to alter the blood chemistry satisfactorily, the condition 
is apt to recur. It is still undecided whether this condition can be handled 
by surgical means. 

\ review of 101 cases of hyperparathyroidism revealed 17 cases, 
including these 3, in which there were multiple parathyroid enlarge- 
ments. Several are undoubtedly similar to the ones here reported. 

The records of the cases of multiple parathyroid tumors have abun- 
lant circumstantial evidence in them to suggest that the pituitary gland 
is incriminated. 

The cause of the hyperplasia is probably a parathyroid-stimulating 


] 


factor, possibly the one of the anterior lobe of the pituitary described 


by Hertz and Kranes. 











HYPOGLYCEMIA IN DIABETES ASSOCIATED WITH 
OBSTRUCTION OF THE PANCREATIC DUCT 


ISOLDE T. ZECKWER, M.D? 


PHILADELPHIA 


Certain recent experimental work has raised points for discussion 
in connection with an unusual case of hypoglycemia which seemed diffi- 
cult to interpret clinically and pathologically at the time of autopsy. 

In recent years it has been shown that in totally depancreatized dogs 
kept under proper treatment with insulin but not fed raw pancreas a 
condition is likely to supervene in which weakness suddenly develops 
and the dog shows decreased glycosuria and lower blood sugar, becomes 
sensitive to insulin and finally without administration of insulin dies in 
a state of hypoglycemia. At autopsy such an animal shows severe fatty 
degeneration of the liver. Fisher,' among other workers, described this 
condition incidentally in a depancreatized dog which died with a blood 
sugar content of only 0.013 per cent. The pathologic condition of the 
liver has been discussed in experiments described by Allan, Bowie. 
Macleod and Robinson,? who, however, did not record the blood sugar 
values or the response to insulin at this stage. They found a fat content 
of the liver as high as 35.5 per cent. Many workers had found that 
feeding diabetic dogs raw pancreas kept them in good condition, and that 
when the feeding of pancreas was discontinued they were likely to die in 
spite of insulin. 

These isolated facts have been gathered together and their signifi- 
cance explained by Hershey and Soskin,* who showed that in the 
absence of the external enzymes of the pancreas in the depancreatized 
dog hepatic injury occurred, characterized functionally by a low blood 
sugar and sensitiveness to insulin, with death in a state of hypoglycemia 
even though insulin was discontinued, anatomically by gross degenera- 
tion of the liver and microscopically by fatty changes in the hepatic 
cells. They found that when animals who showed the beginning of this 
syndrome were fed lecithin derived from egg yolk they promptly recov- 
ered, and at autopsy the liver was free from fat. The lecithin had 


* Associate in Pathology, University of Pennsylvania School of Medicine. 

From the Department of Pathology, University of Pennsylvania School of 
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apparently restored to the liver its ability to form sugar, which was 
nterfered with by the fatty degeneration. In 1932, Best and Hershey * 
studied more fully this hepatic insufficiency in depancreatized dogs 
which were not fed raw pancreas. The stage of hepatic insufficiency 
can be precipitated by the feeding of fat. When fat is fed to a diabetic 
dog, there is a decrease in glycosuria, and the blood sugar becomes so 
low that the insulin dosage has to be reduced. They said: 

We suggest that the explanation of these results is that the fat feeding produces 
changes in the liver which inhibit gluconeogenesis in this organ to such an extent 
that the blood sugar is only slightly raised above the normal level, and very little 
sugar appears in the urine. These animals are apt to die very suddenly, however, 
and the livers are then found to be very friable and to contain amounts of saturated 
fatty acids. . . . It is possible to improve “the chemistry” of the diabetic 


organism without improving the clinical condition. 


Even when a diabetic dog appears moribund in this stage of hepatic 
insufficiency he can be completely restored by lecithin. 

In 1933 Best, Ferguson and Hershey * found that choline hydro- 
chloride given to diabetic dogs prevented fat from accumulating in the 
liver even when the dogs were fed a diet high in fats, but they now said : 
“We can no longer associate, as intimately as previously seemed justi- 
fied, the elimination of excess liver fat and increased production of 
sugar.” The administration of betaine, as well as choline, prevented the 
deposition of fat in the liver of normal rats that were fed fat." 

3erg and Zucker * deprived dogs of pancreatic juice by means of 
fistulas and by ligation of the pancreatic ducts. They described striking 
degenerative changes in the liver which they considered to be “practically 
identical with those following pancreatectomy” as described by Hershey 
and Soskin. They did not, however, state the blood sugar values or 


prove that hypoglycemia developed in their animals, but it seems prob- 


able that this hepatic dysfunction would occur in the absence of external 
enzymes of the pancreas, no matter in what manner the enzymes are 
excluded. 

There is abundant evidence that hepatic damage causes hypogly- 
cemia in nondiabetic animals. Furthermore, we know from the work 
of Mann and Magath* that when a dog is depancreatized, resulting in 

4. Best, C. H., and Hershey, J. M.: J. Physiol. 75:49, 1932. 

5. Best, C. H.; Ferguson, A. C., and Hershey, J. M.: J. Physiol. 79:94, 
1933. 

6. Best, C. H., and Huntsman, M. E.: J. Physiol. 75:405, 1932. 

7. Berg, B. N., and Zucker, T. F.: Proc. Soc. Exper. Biol. & Med. 29:68, 
1931. 

8. Mann, F. C., and Magath, T. B.: Studies on the Physiology of Liver; 
Effect of Total Removal of Liver After Pancreatectomy on Blood Sugar Level, 
Arch. Int. Med. 31:797 (June) 1923. 
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hyperglycemia, and the liver is removed the blood sugar falls and the 
dog dies in a state of hypoglycemia. These investigators say that the 
experiments 

prove conclusively that the liver is absolutely necessary for the main- 
tenance of the blood sugar level in the hyperglycemic animal in the same manner 
as in the normal animal. The increase in blood sugar following pancreatectomy 
is dependent on the presence of the liver. Without an adequate amount of func- 
tionating liver tissues, the increase in blood sugar following pancreatectomy could 


not occur. 


Recent personal experience with a depancreatized dog that died of 
hepatic insufficiency made vivid the manifestations of this syndrome 
described by Hershey and Soskin and called to mind an autopsy made 
two years ago, in which the patient presented what seemed to be an 
analogous syndrome. In a restudy of this clinical case, certain points 
of similarity and difference were found between the clinical and the 
experimental findings. These comparisons were made in the hope that 
they might prove useful to the clinician who is applying experimental 
facts to the living patient and to the research worker who is seeing how 
far the artificial conditions produced in animals have a counterpart in the 
spontaneously occurring conditions in the human being. 

The patient had a history of diabetes, but had been unwilling to 
cooperate and had received no insulin. He came to the hospital mori- 
bund and in a state of hypoglycemia. It was stated that he had been 
eating little for a week before admission. Intravenous administrations 
of dextrose promptly brought him out of coma and mental confusion, 
but he relapsed several times into hypoglycemic shock. Autopsy revealed 
that pancreatic calculi and calcification had caused almost complete 
atrophy of the acinar and island cells of the pancreas. This amazing 
atrophy, which is described later, is the closest possible clinical parallel 
to experimental pancreatectomy in dogs. No pancreatic juice was avail- 
able to this patient. The liver showed degenerative changes micro- 


scopically. These are described later. 


REPORT OF A_ CASE 


Case 1.—History—A man, aged 53, was admitted to the University Hospital 
on Jan. 28, 1931, in the service of Dr. Stengel. He died on Feb. 2. The chief 
complaint was weakness. About two years previously an enormous appetite, 


polydipsia and polyuria had developed. During the year preceding admission he 
suffered from weakness and lost 30 pounds (13.6 Kg.). Six months previous to 
admission he was unable to continue work. He was told at this time that he had 
severe diabetes. He was unwilling to be hospitalized or to follow a diet. He never 
received insulin. He had had constipation for many years. Three months previous 
to admission a cough with expectoration and shortness of breath developed. During 
the week before admission he lost his appetite, had chills and profuse sweats and 


was extremely weak. 
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Examination on admission revealed physical signs of bilateral pulmonary tuber- 
culosis. The patient appeared almost moribund. At times he was irrational and 
at times comatose. Emaciation was extreme. Sweating was profuse, and the body 
was cold. The urine was free from sugar, and the blood sugar only 0.052 per cent. 
Dextrose was given intravenously, and after about half of the solution had been 
introduced, the patient became conscious and carried on a rational conversation. 
Although he had not eaten much for a week or more before admission, there was 
no evidence of acidosis due to starvation. 

The next day the blood sugar was 0.089 per cent. The patient’s mental state 
improved, and he took fluids well. During the evening he became irrational ; he 
wanted to get out of bed and pulled his face into strange contortions. The attack 
lasted fifteen minutes, after which he became quiet and rational. The feces showed 
the presence of fat in large amounts. 

On the third day, the patient ate a diet high in calories. On the fourth day, 
the blood sugar was 0.263 per cent. On the fifth day, he became unconscious. 
The blood sugar was 0.100 per cent. Intravenous injections of dextrose were 
given, following which the patient became conscious and rational. On the sixth 
day he suddenly became unconscious again and could not be revived by dextrose 
administered intravenously, but died. The blood sugar on that day was 0.143 per 
cent. 

Relevant Observations Made at Autopsy—Postmortem examination was made 
by Dr. G. H. Klinck Jr. one and one-half hours after death. 

The gross anatomic diagnoses were: emaciation, bilateral pulmonary tuber- 
culosis with cavitation, congestion of the liver and atrophy of the pancreas with 
multiple calculi in the duct. 

Histologic diagnoses of pulmonary tuberculosis with caseation and cavitation, 
parenchymatous degeneration and congestion of the liver, atrophy of the pancreas 
and remnants of islet and acinous tissue were made. 

Pancreas: No pancreatic tissue could be found. <A tract of rather loose fibers 
containing the splenic artery and vein was found, and the pancreatic duct extended 
from the duodenum to the spleen. In this mass numerous hard bodies averaging 
from 3 to 15 mm. could be palpated; most of them were oblong. The pancreatic 
duct was fused and contained large numbers of calculi. The duct was considerably 
dilated and in some places was 16 mm. in circumference. The walls of the duct 
were thick. Some of the calculi were spherical, and others oblong; all of them 
were rough and surrounded by a thick, milky material 

Three sections which had been taken from the usual site of the pancreas and 
which contained calcareous deposits were studied. In two of the sections there 
were extremely small bits of pancreatic tissue consisting of small acini composed of 
typical acinar cells, but no islet tissue was found. The sections had been decal- 
cified, and the decalcified portions showed their characteristic irregular pale bluish- 
pink, structures. One section included a section of a large duct which was lined 
by what appeared to be transitional epithelium. Several large vessels were 
included in this section, but they showed nothing of interest. 

Further examination of the pancreas revealed small round areas composed of 
epithelial cells. The arrangement of the cells was more like that of the cells of 
islet tissue than that of acinous tissue. In most instances the cells were compara- 
tively small, and their nuclei pyknotic. Here and there a few cells showed 
vesicular nuclei resembling the structure of normal islet cells. In addition, a 
number of the islands of epithelial tissue showed areas of hyalinization of the type 
frequently seen in pancreatic islet tissue. The size of the bodies was approxi- 
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mately that of normal islands of Langerhans. They were believed to be islands 
showing degeneration of epithelial cells characterized by pyknosis and hyalinization, 

Liver: The liver weighed 1,100 Gm. and measured 26 by 20 by 7 cm. It was 
extremely small in size and weight, but when compared to the weight of the subject 
(40 Kg.) its small size is not out of proportion. It was free from adhesions and 
firm and dark. On section it cut with increased resistance, and a small amount of 
blood escaped. The parenchyma was homogeneous, and no structures of the lobules 
could be made out. 

Microscopic sections of the liver were restudied. The sinusoids showed an 
excess of red cells uniformly distributed throughout the lobule. There was 1 


distention of the central veins. The hepatic cells showed small vacuoles, but fatty 











Photomicrograph of the liver. A few small areas are seen where nuclei have 
disappeared, and in close relation to these areas regeneration is indicated by cells 
with closely placed young nuclei. 


changes were not prominent. The nuclear changes were the most conspicuous 
(figure). In small areas nuclei were absent. Many nuclei were large and stained 
poorly, giving the appearance of lysis. Others were pyknotic. Many cells were 
newly regenerated, as evidenced by closely placed hyperchromatic nuclei and cyto- 
plasm more eosinophilic than those of other cells, and these areas of regeneration 
directly bordered on areas where nuclei had disappeared. There were no areas of 
frank necrosis. 
COM MENT 

At the time of autopsy, the absence of functioning pancreatic tissue 
explained the patient’s history of diabetes, but it was difficult to recon- 
cile this absence with the obvious hypoglycemia before he died. The 
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comment of the pathologist at the time was: “The low blood sugar 
found just before death, in the presence of extreme diabetes, is 
explained by a total pancreatic insufficiency as a result of which glyco- 
genic food materials passed through the gastro-intestinal tract unchanged 
and hence in an unabsorbed state. Thus the subject may be said to 
have died of pancreatic insufficiency rather than of diabetes.” 

Experimentally, in the absence of pancreatic juice, there is an ade- 
quate absorption of fat, protein and carbohydrate if plenty of food is 
ingested. The factor of undernutrition was important in this case. Not 
only did the patient have extensive tuberculosis with cavitation, but he 
was said to have eaten little for a time before admission, and of what 
he ate a certain portion was not digested in the absence of pancreatic 
juice. Joslin” said that in the Allen undernutrition era there were 
instances of hypoglycemia in diabetic patients, and that the first deaths 
were startling and at the time unexplained. He discussed the cases of 
7 diabetic patients (4 of whom were his own) who died in a state of 
hypoglycemia which he ascribed to undernutrition. 

It has been the experience of many that when tuberculosis develops 
in a diabetic patient the diabetes may seem to improve or entirely dis- 
appear as indicated by the blood sugar level. However, I have found 
no mention of a case in which true hypoglycemia developed when insulin 
was not given. Joslin said that presumably the diabetes improves 
because the burden on the pancreas has been decreased by undernutri- 
tion, but with this explanation he stated, “I am not wholly satisfied, 
because it seems illogical to attain strength through weakness.” May it 
not be that fatty changes in the liver, which so often result from pul- 
monary tuberculosis, are sindering glyconeogenesis, and that the 
apparent improvement in the “chemistry” is not really an improvement ? 
If this is true it throws new light on Joslin’s comment in relation to 
tuberculosis : 

Many diabetics are cachectic at the time of death, but this condition has by no 
means modified the disease. On the other hand, when cachexia due to a cause 
other than diabetes occurs in a diabetic, it may be responsible for improvement in 
the diabetes. 

The question then is: Did the hypoglycemia in this patient depend 
on undernutrition or on deprivation of pancreatic enzymes? Hypogly- 
cemia due solely to fasting has not been demonstrated in the experi- 
mental animal so far as I am aware. On the other hand, in the case 
reported here it is important to emphasize that the hepatic degeneration 


was not so severe as that described in the experimental animals deprived 


9. Joslin, E. P.: The Treatment of Diabetes Mellitus, ed. 4, Philadelphia, 


Lea & Febiger, 1928. 
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of pancreas. The actual amount of fat present was negligible, it was 
much less than appears in the liver of patients showing no hepatic insui 
ficiency. However, the cells showed diffuse degeneration, and extensiv 
regeneration of hepatic cells was evident, which implied that consider- 
able injury to the liver had occurred. It is known how rapidly hepatic 
cells regenerate. After extirpating as much as three fourths of the 


liver of dogs, Fishbach '® found regeneration up to at least four fifths 
of the original weight in two weeks, and Whipple and Sperry '! found 
that after severe chloroform poisoning in dogs, involving from one third 
to three fifths of each hepatic lobule, repair was almost complete in 
eleven days and quite complete in from two to three weeks. May not 
several days of intravenous injections of dextrose and feeding have bee: 
responsible for the evident regeneration in this patient ? 

Joslin regards the association of diabetes with pancreatic calculi as 
rare. He discussed a case which has a striking similarity to that 
reported in this paper. patient had a blood sugar content of 0.400 per 
cent. Four years later, after many irregularities in diet and medication 
with insulin, the patient died in a state of hypoglycemia with a blood 
sugar content of 0.013 per cent. At autopsy the pancreatic duct was 
obstructed by about one hundred calculi. In a review of 2,800 autopsies 
at the Pennsylvania Hospital, Dillon ** found only 2 cases of pancreatic 
calculi, in 1 of which there was glycosuria. The patient, dying of tuber- 
culosis, had extreme atrophy of the pancreas due to obstruction of the 
duct by numerous calculi. The organ weighed only 5 Gm. Only a few 
lobules of fibrosed acinar tissue remained. The statement was made: 
“The impression was that as a secreting organ the gland must have been 
almost functionless.” From the data given there is no evidence that 
the patient died in a state of hypoglycemia. On the contrary, it is stated 
that the tolerance for carbohydrate was low. Since all depancreatized 
dogs do not show hepatic insufficiency, probably one should not expect 
every case of obstruction of the duct in patients to result in a state 
of hypoglycemia. 

In trying to locate other cases of pancreatic calculi in which autopsy 
was performed in this department (this includes all of the autopsies at 
the University Hospital and about two thirds of the autopsies at the 
Philadelphia General Hospital), it was found that during the years fron 
1917 to 1932, inclusive, the diagnosis of pancreatic calculi had been 
indexed only 5 times in a series of about 10,300 autopsies. Examination 


of the clinical histories of the 5 cases showed that the only one asso- 


10. Fishback, F. C.: Morphologic Study of Regeneration of Liver After 
Partial Removal, Arch. Path. 7:955 (June) 1929. 
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12. Dillon, E. S.: Bull. Ayer Clin. Lab., Pennsylvania Hosp., no. 8, 1924, p. 35 
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iated with diabetes was the case discussed here. The chief points in the 
tther 4 cases are as follows: 


Case 2.—A woman, aged 36, died of pulmonary tuberculosis. There was no 
record of the blood sugar. Glycosuria was not present. At autopsy the pancreas 
showed a number of small calculi in the duct, but there was apparently not much 
itrophy of the parenchyma. The liver showed parenchymatous degeneration and 
weighed only 430 Gm. 

Case 3.—A man, aged 35, died of lobar pneumonia. There was no glycosuria. 
There was no record of the blood sugar. At autopsy the pancreas was embedded 
in dense adhesions. A probe could not be introduced into the pancreatic duct. 
Several small calculi were found in the duct. There was apparently no marked 
atrophy of the parenchyma. 

Case 4—A woman, aged 87, whose mental condition was ascribed to senile 
dementia, was unable to answer questions. No history could be taken. Glycosuria 
was not present. The blood sugar was 93 mg. seventeen days before death. She 
died from no concrete cause except senility and chronic myocarditis. At autopsy, 
likewise, no satisfactory pathologic basis for death was found. The pancreas 
showed an almost complete atrophy of the pancreatic tissue, with replacement by 
fatty and fibrous tissue. The body of the pancreas contained two cysts, one the 
size of an orange and the other much smaller, which on section allowed a skim- 
milk, whitish fluid to escape; in the larger cyst, a small white concretion the size 
of a pea was found. The liver weighed 1,020 Gm., and showed mild cirrhosis, 
passive congestion and fatty degeneration. This case is the only one that has any 
resemblance to the one with which this paper is chiefly concerned. It raises the 
question whether, if a blood sugar determination had been made soon before death, 
it might not have shown a low value. 

Case 5.—A man, aged 71, who had digestive disorders of long standing and 
advanced carcinoma of the esophagus, had eaten little before admission. The blood 
sugar on that day and twenty-six days before death was 124 mg. At autopsy the 
pancreatic duct contained several calculi, back of which the ducts were greatly 
dilated and filled with a white fluid. The pancreas was reduced in size, but appar- 
ently the ducts had not been obstructed long enough to cause profound atrophy of 
the parenchyma. The liver weighed 1,830 Gm. and showed passive congestion and 


fatty changes grossly and microscopically. 


SUM MARY) 

1. A patient with a history of diabetes but no medication with insulin 
manifested hypoglycemia. At autopsy, calculi obstructed the pancreatic 
duct, with resultant extraordinary atrophy of the acini and islands; 
the liver showed degenerative changes, and there was pulmonary 
tuberculosis. 

2. The clinical condition paralleled experimental pancreatectomy in 
the dog, in which it has been shown that hepatic insufficiency results 
from deprivation of the external secretions of the pancreas. 

3. Points of similarity between the clinical case and the experimental 
animal were: (1) the development of hypoglycemia after the hyper- 


glycemic period and (2) hepatic degeneration. The latter, however, was 
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of a minor degree and of a different gross and histologic character from 
that seen in dogs. 

4. The factor of undernutrition must be considered in the produc- 
tion of the hypoglycemia in this case, but has less experimental basis 
than the effect of loss of external pancreatic secretions. 

5. In 10,300 autopsies performed in this department, only 4 other 
instances of pancreatic calculi could be found, none of which was asso- 
ciated with diabetes. 

6. It is suggested that when the liver is damaged through loss of 
the external secretions of the pancreas, especially if the condition is 
aggravated by undernutrition and tuberculosis, hypoglycemia may result 
in diabetes even in the absence of treatment with insulin. 





INTERATRIAL SEPTAL DEFECT 


H. ROESLER, M.D. 
PHILADELPHIA 








































The interatrial septal defect is an anatomically well known entity. 
Louis (1826), Ecker (1839) and Cruveilhier (1852) stated the 
characteristic anatomic findings in the heart in the presence of a large 
interatrial communication: the enormous increase in the volume of the 
heart, which is due to dilatation and hypertrophy of the right side; 
the marked dilatation of the pulmonary artery and its branches, and the 
relative smallness of the left ventricle. Rokitansky’s classic monograph 
on septal defects (1875) gives many examples of this malformation as 
well as embryologic explanations. Ecker, a pupil of Rokitansky, also 
attempted to correlate the anatomic picture with the clinical picture. 
Of the modern clinical contributions there may be mentioned especially 
the articles by Hoefler, Lutembacher, Muller, Assmann, Abbott and 
Weiss and Dressler and Roesler.t| An extensive clinical study with a 
complete review of the literature, however, does not exist. 

The detailed anatomic study of a given case permits its classification 
from an embryologic point of view but has apparently not much sig- 
nificance for the clinicofunctional conception of this entity, and the 
recent classification of Costa, arranged in a more distinct form, is given 
here only for the sake of information (table 1). 


MATERIAL 


Sixty-two cases (including the case reported here) form the basis for the 
first part of the study; in each instance a clinical as well as anatomic description 
was available. The cases were tabulated, but only the condensed results of the 
tabulation are given here. It is obvious that the value of the statistical approach 
is limited, considering that the descriptions of fifty-six different authors over a 
period of one hundred years had to be used. The case numbers given in parenthesis 
correspond to those in the appendix. 

For certain reasons there have been excluded from this study cases of small 
defects measuring less than about 1 cm. in diameter, cases of slits or valvelike 
openings in the septum (functionally separating the atria) and cases of complete 
absence of the septum (cor triloculare biventriculosum). 

It is well known that several congenital malformations may occur in the same 
heart. Cases which showed combinations with a patent ductus arteriosus, pul- 
monary stenosis, interventricular septal defect or a higher grade of coarctation of 


From the Departments of Medicine, Pathology and Roentgenology, Temple 
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1. After this article was completed, the valuable contribution of McGinn and 
White appeared (Am. Heart J. 9:1, 1933). 
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the aorta were omitted. Other cardiovascular malformations were present 

fifteen of the sixty-two cases: coarctation of the aorta of slight degree (cases 16, 
36, 37 and 42), four leaflets of the aortic valve (case 23), fenestration of th« 
aortic valves (cases 5 and 15), two openings of a coronary artery (case 55), an 
abnormal thebesian valve (case 23), abnormalities of the veins of the heart 
(cases 10, 16 and 23), cleavage of the aortic cusp of the mitral valve (cases 15, 
27 and 34) and abnormality in the number or in the development of the leaflets 
of the tricuspid valve (cases 18 and 43) and of those of the mitral valve (case 3). 


REPORT OF A CASE 
Elizabeth V., aged 14 years, was well until the age of 7, at which time cardiac 
decompensation with edema and enlargement of the liver developed. The main 
clinical findings at this time were marked underdevelopment, visible pulsations of 
the veins of the neck, a precordial bulge and slight systolic precordial retraction. 
The apex beat was in the sixth intercostal space 10.5 cm. to the left of the median 


TABLE 1.—Classification of Costa 





Form Explanation 


a Complete absence of interatrial septum Persistence of the primitive common atrial 
cavity; abortive form of the septum inter 
medium and septum superius 


IT. Complete absence of the inferior portion Persistence. of the foramen primum with 
of the interatrial septum; the defect agenesia of the septum intermedium 
located near the radix of the interven- 
tricular septum 


Ill. A gaplike status of the inferior portion Incomplete union between the septum 
of the interatrial septum not reaching superius and septum intermedium 
down to the radix of the interventricular 
septum 


IV. Single or multiple defects of the central Agenesia of the septum secundum, persis 
and posterior portion of the interatrial tence of the foramen secundum or of 
septum multiple equivalent foramina 


line. In the third intercostal space the border of the heart was 5 cm. to the left 
of the median line. Systolic and diastolic thrills were felt over the apex, accom- 
panied by systolic and diastolic murmurs. The heart rate was 108, and the rhythm 
regular. The pulmonic second sound was accentuated. The blood pressure was 
100 systolic and 68 diastolic. The temperature vacillated up to 100 F.; the respira- 
tory rate varied from 30 to 40. The red cell count varied from 3,850,000 to 
4,520,000; the hemoglobin content was 75 per cent, and the white cell count varied 
from 11,000 to 15,000. 

The electrocardiogram (fig. 1) showed regular sinus rhythm and a high Po». 
There was no pronounced axis deviation. TT, was slightly positive; T: and Ts were 
iso-electric. A deep Qs was present. 

The clinical diagnosis was active rheumatic disease of the heart, mitral stenosis 
and regurgitation and an adherent pericardium. 

The patient improved under therapy but exhibited marked shortness of breath 
after exertion and was often so weak that she had to remain in bed. 

She was repeatedly seen from Feb. 23 to April 23, 1933 (fig. 2). The findings 
were marked underdevelopment, pronounced pallor and cyanosis of slight degree. 
There was no clubbing of the fingers, but the nails showed an increased curvature. 
Dyspnea and orthopnea were present. The veins of the neck were congested and 
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showed systolic pulsations. A precordial bulge was present. The liver was 
markedly enlarged and showed expansile systolic pulsations. The outermost cardiac 
action was seen and felt in the seventh left intercostal space in the posterior axillary 

e as a systolic heave of marked amplitude. During systole, retraction was noted 
in the third, fourth and fifth intercostal spaces. Pulsations of the heart were felt 
35 cm. below the epigastric notch, and sometimes a systolic thrill was felt over 
the precordium. At the apex and precordium there was a loud, harsh systoli: 
murmur with a high-pitched blow. A rumbling systolic murmur was heard in 
the epigastrium. No diastolic murmur was heard at the base. The pulmonic 
second sound was accentuated. Along the insertion of the diaphragm inspiratory 


retraction of the intercostal spaces was noted. The heart rate was irregular, vary- 





u 


Fig. 1—An electrocardiogram taken on Sept. 30, 1925. 

ing from 80 to 120. There was poor filling of the peripheral arteries. The blood 
pressure was 115 systolic and 85 diastolic. The red blood cells numbered 
4,160,000 ; hemoglobin amounted to 12 Gm. per hundred cubic centimeters. 

The electrocardiogram (fig. 3) showed: auricular fibrillation with slight axis 
deviation to the right, slurring of the Q RS deflection in leads I and II and notch- 
ing in lead III. There was a deep Q wave in lead III. The T wave was almost 
iso-electric in lead I and normal in leads II and III. 

Roentgen examination (figs. 4 and 5) showed that the heart was markedly 
enlarged, with a transverse diameter of 18.7 cm., an oblique diameter of 18.8 cm. 
and an internal chest diameter of 21.6 cm. This enlargement was obviously due 
to an increase in the size of the right cardiac chambers. At the left side the 
conus arteriosus bulged upward and toward the left. The aortic arch was visible 
in neither the ventral nor the oblique position. There were enlargement of the 
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superior vena cava and encroachment by the left atrium on the posterior medi: 
stinum, which displaced the esophagus backward and to the right. Within th: 
pulmonary fields, the branches of the arteries were seen to be prominent and mox 
erately enlarged, but there was no evidence of actual congestive pulmonary failur: 
The pulsations of all of the borders were small; they were practically absent at 
the right side. The diaphragm had a low position. 

In the terminal stage marked cyanosis developed. 

From a diagnostic point of view, a lesion of the mitral and tricuspid valves 
seemed most likely. Adhesive pericarditis was considered as a possibility, but 








Fig. 2—Photograph taken March 6, 1933. The precordial bulge and_ the 


prominence of the upper part of the abdomen caused by the enlarged liver can 


be seen. 


evidence was not sufficient to prove this diagnosis, especially since systolic retrac- 
tions are commonly seen when the right ventricle forms a considerable portion ot 
the left contour of the heart. Congenital disease of the heart was considered 
because of: (1) the marked physical underdevelopment, (2) the roentgen evidence 
of hypoplasia of the aorta and the tremendous enlargement of the pulmonary conus, 
and (3) the enlargement of the interpulmonary branches of the pulmonary artery, 
which was of a type that did not correspond to that seen in congestion. In brief, 
the diagnosis at the time of the patient’s death was congenital heart disease with 


rt 


a superimposed lesion of the mitral and tricuspid valves due to rheumatic hea 








Fig. 4.—Roentgenogram of the chest taken at a distance of 7 feet (213 cm.). 
The globular enlargement of the heart, the enormous prominence of the conus 
arteriosus, the widening of the intrapulmonary vessels and the low position of the 


diaphragm can be distinguished. Barium sulphate in the esophagus reveals its 


displacement to the right. Compare figure 4 with figure 6. 
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disease. As to the underlying congenital disease of the heart, the possibility of 
the presence of an interatrial septal defect was mentioned. 

Autopsy was performed by Dr. Louis A. Soloff. His report of April 22, whicl 
I have shortened to the main observations, is as follows: The subject was a pale 


emaciated, poorly developed white girl, corresponding in development to a girl 


| 


of about 11 years of age. The height was 139 cm. The chest was somewhat 
asymmetrical, the left half bulging forward and to the left. There was a moderat 
bilateral hydrothorax, hydroperitoneum, edema of the lower extremities and con 
gestion in all of the organs. 

The heart was markedly enlarged; fixed in formaldehyde, it weighed 800 Gm 
The anteroposterior diameter of the chest was 19 cm., and the heart with its 











Fig. 5.—Roentgenogram of the chest taken at a distance of 7 feet, in the right 
anterior oblique position. The enormous increase in the depth of the heart is 
seen. The ventral portion of the cardiac shadow is composed of the right 
ventricle and the dorsal portion of the left atrium, which displaces the barium- 
filled esophagus. 


pericardial sac occupied fully 17 cm. of this. Except for a few fine violin-like strings 
of fibrous tissue, extending from the pericardium to the right hilar region of the 
lung, there was no evidence of extrapericardial adhesions. The pericardium was 
smooth and thin. The parietal epicardium was glistening and smooth. The heart 
floated in about 100 cc. of fluid similar to that present in the abdominal and pleural 
cavities. Virtually the entire anterior aspect of the heart was occupied by a 
tremendously dilated right auricle and ventricle (fig. 6). A small strip of the 
left ventricle was visible, approximately 0.5 cm. in width at the apical region. The 
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ight auricle measured 6 cm. in its anteroposterior diameter; the right ventricle 
vas 10.5 cm. wide. The conus arteriosus was tremendously enlarged upward and 
to the left and completely obscured the pulmonary artery, which extended directly 
backward toward the vertebra. The aorta was almost completely hidden from 
view and was apparently hypoplastic. There were many small petechiae running 
parallel and above the auriculoventricular junction. The visceral epicardium was 
smooth, glistening and transparent. There was a moderate amount of adipose 
tissue encircling the heart at the auriculoventricular junction. The myocardium 


was moderately firm and light brown. The left ventricle in its greatest diameters 





| = 





Fig. 6—Photograph with the viscera in situ (April 24, 1933). Note the enor- 
mous size of the right atrium and the right ventricle. The left ventricle is barely 
visible. The aorta is small and the pulmonary artery large. The conus arteriosus 


is huge. The diaphragm is low in position. 


was 10 by 7.5 by 4 cm. The endocardium here was smooth and glistening. There 
was a muscular band extending transversely across the left ventricle approxi- 
mately at the junction of the lower and the middle thirds, attached to the trabeculae 
carneae, and in its center giving off a branch anteriorly to the ventricular septum. 
The aortic orifice was 5.4 cm. in circumference. The cusps were thin and glisten- 
ing but not translucent. Each one averaged 1.5 cm. in width. The left ventricular 
wall averaged 1.3 cm. in diameter. The left auricle in its greatest diameters was 
7 by 4 by 6 cm. The posterior mitral leaflet was considerably shortened, thickened 
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and rolled, so that it extended at the greatest part only 0.4 cm. from its attached 
margin to its free margin. Along the free edge on its auricular surface were many 
thin, firm, elevated verrucous vegetations. These were firmly attached to the 
leaflet. There was one huge chorda tendineae to which the entire valve was 
attached. The anterior mitral leaflet was slightly thickened, opaque and fibrous, 
and it measured 3.8 cm. from its attached margin to its free margin. The cir- 
cumference of the mitral valve was 10.5 cm. The auricular endocardium was 
smooth and glistening but slightly thickened. There was a large defect in the 
auricular septum which was seen more clearly from the right side and which will 
be described with the right auricle. 

The right ventricle in its greatest diameters was 10.5 by 4.5 by 8 cm. The 
endocardium was glistening and thin and raised by numerous flat trabeculae car- 
neae. The tricuspid orifice was 17 cm. The leaflets were opaque and slightly 

















Fig. 7—Photograph of the opened heart as seen from the right side. Note the 
interatrial septal defect and the enlargement of the right atrium and the right 
ventricle. 


thickened. There was an occasional rolled thickening of the free margins of the 
leaflets. The right ventricular wall averaged 1.2 cm. in thickness. The right 
auricle in its greatest diameters was 11.5 by 6 by 6.5 cm. The endocardium was 


smooth and glistening but opaque. The fossa ovalis was 5.5 cm. in diameter. There 


was a large opening in the upper anterior portion of the fossa which averaged 
1.3 by 4 cm. (fig. 7). The auricular septum here was extremely thin, averaging 


from 1 to 2 mm. There were many small fenestrations of the fossa ovalis beneath 
and posterior to the large opening. These varied in diameter from that of a 
pinhead to 0.4 cm. The orifice of the coronary sinus below the fossa ovalis was 
enlarged, being 1.3 cm. in diameter, and there were several fairly large fenestra- 
tions of the auricular septum anterior to this which led directly into the coronary 
sinus. The right auricular wall averaged 0.4 cm., and the left auricular wall 0.3 











Fig. 8—Photograph of the opened heart as seen from the left side. Note the 
absence of enlargement of the left ventricle, the thickening of the mitral valves 
and the narrowness of the aorta. Compare the size of the aorta and the aorti 
valves with the size of the pulmonary artery and its valves as seen to the left 
and from above. 





Fig. 9—Photograph of the opened heart as seen from the right side. Note the 


enlargement of the right ventricle and of the pulmonary artery as well as the 
large pulmonary valves. 
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cm. in thickness. The orifices of the coronary arteries were patent and apparent] 
normal. The arteries, however, were not dissected 

Microscopic examination showed acute degeneration of the myocardium an 
fragmentation, fatty infiltration, fibrosis and thickening of the left auricular end 
cardium. 

The aorta was lined throughout with smooth, glistening intima. At its origin 
it was 5.4 cm. in circumference; 2 cm. above the valve it was 5 cm. in circum 
ference, and 10 cm. above the valve, 3.8 cm. in circumference (fig. 8). The 
pulmonary artery 2 cm. above its origin was 9 cm. in circumference (fig. 9) 
The left pulmonary artery was 1.8 cm. in diameter, and the right pulmonary artery, 
1.7 cm. in diameter. The lungs resembled each other and were crowded upward 
and backward so that they occupied virtually only the upper third of the thoracic 
cage. They were covered with thin pleura. The microscopic examination indi 
cated early bronchopneumonia and occasional mild sclerosis of the medium-sized 
vessels. 

ANALYSIS OF CASES 
Age—lIn the sixty-two cases forming the basis of this study the average age 


of the patients was 36 years; the youngest subject was 11 months and the oldest 


> 


TABLE 2.—Classification of Subjects into Age Groups 


Age Group Number of Cases 


0-10 > ’ 
11-20 : 8 
1-30 . . 15 
31-40 . , 9 
41-50 or 10 


75 years. Death took place within the age groups indicated in table 2. In the 
great majority of the cases death took place with symptoms of cardiac failure. 
twelve cases death occurred from other causes than cardiac disease. These were 
ruptured appendix (case 27), extensive tuberculosis of the lungs (cases 11 and 29), 
operation (case 56), abscess of the lung (case 14), meningitis (cases 21 and 45), 
leukemia (case 26), renal disease (cases 36 and 39), coronary thrombosis (cas¢ 
47) and septicemia (case 18). The average age of these twelve patients was 
32% years. 

Sexv.—There were twenty-three cases in males (38.3 per cent), thirty-seven 
cases in females (61.7 per cent) and no statement as to sex in the remaining tw 
cases. 

Habitus—Physical underdevelopment, including infantilism and dwarfism, was 
noted in twenty-one cases (1, 5, 6, 10, 14, 23, 24, 25, 31, 33, 35, 40, 41, 42, 
48, 49, 52, 55, 59, 61 and 62). Normal physical development was recorded in 
seven cases (4, 12, 18, 22, 27, 39 and 60). As to the former group, the weight 
for two children was: 4,250 Gm. at the age of 11 months (case 25) and 3,600 Gm 
at the age of 2 years (case 35). 


Pathologic Anatomy of the Heart and Great Vessels —The defect was usually 


a single one, more rarely multiple; when it was multiple, the most common number 
of openings was two (cases 3, 6, 16, 20, 23, 32, 36, 45, 48, 58 and 60). The defects 
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vere usually round, but were sometimes oval, with a diameter of from 1 to 5.5 
m. Multiple openings the size of a pinhole occurred in addition to the main 
letect. 

It seems necessary to describe first the frequent occurrence of structural lesions 
ther than congenital, namely, valvular deformities, and to follow with general 
nsiderations of the size and weight of the hearts. These valvular lesions were 
the chronic fibrotic type, and it is not possible to judge their duration. A definite 

lesion of the mitral valve was described in thirty cases (cases 2, 4, 5, 6, 12, 15, 17, 
[o 2.22, £4, 20,00, St, 34, 37, 38, 42, 48, 49, 50, 51, 52, 55, 56, 58 and 
2), of which six presented the buttonhole type (cases 2, 17, 37, 38, 49 and 51); 
in others only mitral regurgitation was mentioned (cases 5, 15, 19, 21, 34, 50 and 
52). In two of these cases cleavage of the aortic cusp of the mitral valve was 
mentioned (cases 15 and 34). Tricuspid regurgitation occurred in six of them, 
and aortic regurgitation and/or stenosis in three. In addition there are nine other 
ases in which thickening or a lesion of the mitral valve was described (cases 7, 11, 
14, 26, 35, 41, 53, 57 and 59). Association with a lesion of the tricuspid valves 
was found twice; with thickening of the pulmonary valve, three times; with pul 
monary regurgitation and thickening of the tricuspid valves, once. A lesion of 
the mitral valve was probably present in two other cases (16 and 61), in one of 
which there were also aortic regurgitation and probably stenosis. This brings the 
number of definite or most probable lesions of the mitral valve to forty-one 
(66.1 per cent) \ lesion of the tricuspid valve without other pathologic valvular 
involvement was mentioned only once (case 54). There was no case with an 
isolated, definite aortic regurgitation and/or stenosis, aortic stenosis being present 
probably once (case 29). In four cases of definite lesions of the aortic valves 
(cases 12, 16, 17 and 58) a definite or probable lesion of the mitral valve was 
present three times. In three other cases thickening and slight adhesions of the 
aortic valves were reported (cases 5, 6 and 13), in two of which there were als« 


changes in the mitral valves. There were two cases with pu 


1 
] 
I 


monary regurgitation 
(cases 7 and 40), in one of which there was also thickening of the mitral and 
ortic valves; in six other cases thickening of the pulmonary valves was reported 
cases 8, 11, 12, 21, 35 and 41), in five of which there were changes in the mitral 
valves. Thus it can be stated that of sixty-two cases with interatrial septal defect, 
forty-eight (77.4 per cent) had chronic valvular lesions of different degree, affect 
ing one or several of the valves. In addition, functional tricuspid regurgitation 
was mentioned ten times, and pulmonary regurgitation once. Normal valves were 
described in five instances (cases 9, 20, 36, 39 and 46), while the status of the 
valves was not mentioned in nine instances (cases 1, 10, 23, 25, 29, 43, 44, 47 
and 60). 

Practically all of the hearts were large or very large. The enlargement affected 
only, or predominantly, the right chambers. Hypertrophy was noted as a rule, 
but the dilatation was predominant—almost in disproportion. A few figures will 
illustrate the size \ heart three times larger than norrffal (case 4); a cardiac 
circumference of 47 cm. (case 34) and one of 35 cm. (case 55); a content of the 
atria and the right ventricle of 1 liter; a width of the heart of 18.7 cm. and a 
height of 13.5 cm. (case 1); a width of 17 cm. and a height of 15 cm. (case 49) ; 
a width of 15 cm., a length of 16 cm. and a depth of 13 cm. (case 40); a depth 
of 17 cm.( case 62); a right ventricle composing three fourths of the heart 
(case 26) ; a right atrium the size of a fist (case 24); a right atrium with a width 


of 12.5 cm. and a height of 8.7 cm. (case 1); a right ventricle 10.5 by 4.5 by 8 


cm. and a right atrium 11.5 by 6 by 6.5 cm. (in a child [case 62]), and a right 


auricle as large as a right atrium of normal size (case 52). The shape of the 
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heart was usually described as globular (cases 39, 40, 57, 58 and 62). If o1 
leaves out all of the cases with lesions of the mitral, pulmonary and tricuspid valy« 
and also all of the cases in which a description of the valves was lacking, ther 
remain five cases (cases 9, 13, 20, 36 and 46). All of them showed hypertrop! 
of the right ventricle and atrium, with the exception of one case (case 36) i: 
which there was no dilatation of the right ventricle. Only once (case 22) wa 
there no cardiac enlargement. If one omits all of the cases in which there wer 
left-sided valvular lesions or nephritis and all those in which a description of th 
valves was lacking, there remain seven cases (8, 9, 20, 36, 40, 46 and 54). I 
three of them the size of the left side was not given. In the remainder (cases 9. 
36, 44 and 54) a moderate enlargement of the left ventricle was mentioned thre: 
times. In one case, there was actual narrowness of the left ventricle with slight 
thickening of the wall (case 54). The left atrium was moderately enlarged in 
two cases, and markedly enlarged in one (case 40). 

Seen in situ, the anterior surface of the heart was made up of the right cham 
bers while the left ventricle was barely visible; cases 17, 24, 42, 43 and 62 ar 
examples. The apex of the heart was often formed by the right ventricle (cases 
33, 42, 49, 54, 57, 58, 60 and 61 are examples). It was due to the enormous siz 
of the right atrium that the anterior atrioventricular sulcus was found to cor 
respond approximately to the median line; it might even lie to the left of it. Th 
conus arteriosus of the right ventricle bulged forward, to the left and upward, 
often reaching the second intercostal space. 

The weight of the heart, when stated, was practically always increased. In 
proportion to the enormous size of almost all of these hearts, this increase must 
be considered as moderate only. The average weight of the heart in nineteen 
patients above the age of 14 years (cases 3, 7, 9, 11, 15, 16, 17, 18, 20, 23, 26, 44, 
47, 48, 51, 53, 56, 61 and 62) is 574 Gm., the maximum weight being 1,035 Gm 
(case 16) and the minimum being 250 Gm. (case 11). The last-mentioned case 
was the only one in this series with a normal value. In considering only thos¢ 
cases in which either no valvular disease (cases 9, 20 and 44) or one of only 


slight degree (cases 3, 11, 26 and 53) was found, or in which there was only a 


question of a valvular deformity (cases 23 and 47), the average weight was some 
what lower (469 Gm.). There was evidence that in this group of sixty-two cases, 
hearts with a relatively small defect showed less enlargement than hearts with a 
very large defect. It was necessary to give due consideration to the degree and 
number of pathologic conditions of the valves, which were commonly present 
Seven cases with a defect of 1.5 cm. or less in diameter, against five cases with a 
defect of 4 cm. or more in diameter, have been tabulated. 

The size of the pulmonary artery (the trunk and the orifice) and the aorta 
(the ascending aorta and the orifice), as well as their ratio, was studied. The final 
figures are given in table 4. Besides the cases in which actual measurements wer« 
given, statements of a descriptive character were made in a number of other cases 
In no case was the pulmonary artery or its orifice described as small. In five cases 
the pulmonary artery was described as “normal” or “normal in size” (cases 9, 
22, 29, 36 and 60), but it was also stated in every case that the pulmonary artery 
was larger than the aorta. The pulmonary artery was described as large and the 
ascending aorta as small, or the pulmonary artery was said to be definitely larger 
than the aorta in twelve cases (cases 2, 8, 17, 24, 26, 27, 37, 38, 42, 50, 54 and 55) 
In no case was the ascending aorta or its orifice found to be larger than the 
pulmonary artery or its orifice. The ascending aorta was described as larger than 
normal in two instances (cases 16 and 20), but it was smaller than the pulmonary 
artery. One of the patients (case 16) showed coarctation of the aorta. In six 
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stances the aortic orifice or the ascending aorta was described as normal in 
(cases 18, 37, 40, 41, 49 and 57), but it was always smaller than the pulmonary 


tery. In conclusion one may state that the pulmonary artery was always larger 


an the aorta, the average ratio being 3:2. The absolute figures for the pul- 


PaBLE 3.—The Sise of Defect and Kind of Lesion Compared with the Size and 
of the Heart 


Size of Defect Valvular Lesion Size (Weight) of 

lem. None 250 Gm. 

1 by 1.5 em. Double mitral and Enormous 
aortic lesion 
Mitral stenosis and 480 Gim.; marked enlargement of 
slight aortic the right side of the heart 
regurgitation 

»em. Mitral stenosis and Size of a man’s fist 

regurgitation 

Size of thumb None Moderately enlarged 

0.9 em. None Height, 10.5 em.; width, 13.5 em. 
Endocarditis of the Height, 8.5 em.; width, 11.5 em.; 
mitral valves thickness, 7.5 em 
Mitral stenosis; tri 85 Gm.; length, 15 em.; width, 1 
cuspid regurgitation em.; auricles, large 
Mitral regurgitation; Circumference of the heart, 47 em 
tricuspid regurgita 
tion 
Pulmonary regurgi Fnormous enlargement, especially 
tution of the atria; length, 16 em.; width, 

12.5 em.; depth, 10.5 em. 

Thickening of one Enormous enlargement of the right 
pulmonary valve; cardiac chambers; length, 12 em.; 
thickening of edge width, 12.5 em.; depth, 10.5 em. 
of mitral valve 
Slight lesion of the 5445 Gm.; marked dilatation and 
mitral and trieuspid hypertrophy of the right side of 
valves the heart 


and Ratio of the Pulmonar rler) th lorta 


Average for Ten Cases imun Minimum 


Pulmonary orifice 1 (cases 1, 16, 22, 10.6 t 6.0 em. (ease 3t 


23, 26, 36, 48, 


\ortie orifice 1 6, 59 and 61) 7 (case 61) 4.0 em. (case 6) 
Ratio of the pulmonary ori 


fice and the aortic orifice.. 15:1 2:1 (ease 48 : 1 (ease 61) 


Average for Nineteen Cases 
{(cases 6, 7, 10, 
Pulmonary artery 9.2 em.|13, 15, 18, 20, 21, 15.7 em. (ease 40) 5 (case 60) 
} 4, 40, 41, 43, 
Ascending aorta 6.0 em. | 49, 56, 58, 59, 60, 8.0 em. (ease 58) (case 6) 
land 62) 


Ratio of the pulmonary ar 
tery and the ascending aorta ¥- : : 1 (ease 60) 


monary artery were usually far above the average normal figures; a normal size 
was rarely encountered. The absolute figures for the aorta were usually below 
the average normal figures but occasionally reached them: i. e., the pulmonary 
artery was usually large or very large; the aorta was more often small but occa- 


sionally normal in size. 
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The dilatation of the pulmonary artery and of its branches may reach enormous 
degrees. The trunk was described as aneurysmal (cases 8 and 61); it had a cit 
cumference of more than 15 cm. in three cases (7, 16 and 40). The branches 
of the pulmonary artery, if mentioned in the description, appeared widened also. 
partly into the periphery itself (cases 1, 5, 7, 10, 20, 23, 33, 38, 40, 41, 54, 56. 5 
and 62). The following figures may serve as an example: Left branch 3 cm. 
diameter and two right branches of 2 and 2.5 cm., respectively (case 40): 
left branch of 1.8 cm., and a right branch of 1.7 em. (case 62). An exampk 
aneurysmal dilatation of the branches may be cited (case 56), the left bran 
being 7 cm. and the right branch 4 cm. in diameter. Enlargement of the pul 
monary veins was also reported (cases 8, 38, 40 and 57). In addition to the find 
ings of dilatation, changes in the wall of the pulmonary artery and its branches 
were not uncommon. Thickness of the wall was found (cases 3, 17, 24 and 34) 
the wall was abnormally thin, in parts or in toto (cases 7 and 36). Atheromatous 
changes were noted (cases 7, 24, 26, 38, 49, 51, 54, 55 and 62), with chroni 


thrombosis (cases 56 and 57) and with chronic thrombosis and endarteritis 


(cases 14 and 61). The wall of the aorta was described as being unusually thi 
and flexible in six cases (18, 24, 29, 34, 56 and 60). 

As seen in situ, the aorta appeared as a rather small vessel between the superior 
vena cava at the right and the pulmonary artery at the left. The pulmonary artery 
as a rule, took a more horizontal course from the front to the back, being displaced 
upward by the enormous conus arteriosus. 

A typical description of subacute bacterial endocarditis was not found. Ulcerous 
endocarditis with septicemia was found once (case 22) and milder forms of acute 
endocarditis five times (cases 7, 15, 18, 52 and 61). The margins of the interatrial 
defects remained free from these processes. 

Chronic pericardial disease was found in only one instance (case 29), and her« 

was combined with an extensive tuberculosis of the lungs. 

Crossed embolism was described only once (case 24) 

Active tuberculosis of the lungs was reported in two cases (cases 11 and 29) 

Malformations besides those in the cardiovascular system were mentioned in 
six cases. They consisted of accessory spleens, absence of one ovary, malformed 
kidney, smallness of one lung, a left lung consisting of three lobes, abnormal short 
ness of the small and large intestine and bony anomalies of the ribs, sternum and 
finger. 

Roentgenologic Findings.—Fifteen patients were submitted to a roentgen exami 
nation (cases 33, 35, 42, 43, 45, 46, 49, 50, 51, 55, 56, 57, 60, 61 and 62). The 
following results were obtained from studying the illustrations or the descriptions, 
some of the latter being extremely incomplete. The cardiac shadow always 
appeared enlarged, sometimes to enormous degrees. This enlargement extended 
to either side but was predominantly to the left, so that the left lower contour 
sometimes reached the cage of the left inner thoracic rib. The general configura 
tion was globular with a more or less marked prominence in the region of the 
conus pulmonalis and the pulmonary artery (cases 33, 42, 43, 49, 50, 51, 55, 56, 61 
and 62). Absence of enlargement was noted in two cases; in one case (case 45) 
neither an illustration nor postmortem measurements were given, and in the second 
case the pulmonary artery was actually found in postmortem examination not t 
be enlarged (case 60); the aorta was smaller than the pulmonary artery. Thi 
main branches of the pulmonary artery form the “hili” in the roentgenogram. They 
were noted to be enlarged or much enlarged in eight cases (33, 42, 49, 51, 55, 56, 
57 and 62). In two cases marked pulsations of the pulmonary artery were observed 
but neither organic nor relative regurgitation of the pulmonary valves was met 
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tioned in the postmortem report (cases 33 and 43, and Assmann’s case 2). 

hilar vessels were described as not enlarged in the roentgenogram in one case 
(case 43), but no actual postmortem measurements were given. These hilar 
vessels, mainly corresponding to the branches of the pulmonary artery, appeared 
rather sharply defined. A low position of the diaphragm was noted in several of 
the illustrations and was definitely seen in my case. 

Electrocardiographic Findings —These were available in seven cases (cases 35, 
46, 50, 51, 55, 56 and 62). One could expect an axis deviation to the right. In five 
cases readings were made or were possible, and the deviation was present in cases 
35, 46, 55, 56 and 62. But only in one case was it as marked (case 56) as, for 
instance, in pulmonary stenosis. In the other four cases it was present only in 
moderate degree. 

Clinical Findings——A definite history of rheumatic disease was found in eight 
cases (5, 14, 31, 33, 37, 50, 52 and 62), a small number as compared with the high 
figure for chronic valvular lesions met with in cases of interatrial septal defect. 

No uniformity existed in the duration of symptoms of disturbed circulatory 
function. In twenty of the sixty-two cases, no description was given. In seven- 
teen cases, the duration was less than one year; usually it lasted a few months 
In twenty-five cases a year or more elapsed between the appearance .of symptoms 
and death. As to the cause of the onset of lethal cardiac failure, influenza seemed 
to play a definite role in five cases (cases 31, 41, 44, 50 and 55). 

It has already been shown that in a number of cases higher age groups were 
reached. The patients withstood well surgical procedures as well as pregnancies. 
Anesthesia to operate on cancer of the penis (case 13) and amputation of the 
cervix uteri (case 20) were well supported. Nine patients bore one child or more 
(cases 12, 28, 29, 30, 36, 38, 50, 51 and 54). At the time of death, the youngest 
patient was 32 years old and the oldest 74; the average age was 52.3 years. The 
average number of childbirths was 4.7. One patient (case 12) had eleven children; 
one (case 54), ten; one (case 38), seven, and one (case 50), six. The patient in 
case 50 became worse during a seventh pregnancy and died during it. 

Hemoptysis and hoarseness were occasionally observed. Hemoptysis (cases 
42, 56 and 57) was not necessarily connected with the presence of mitral stenosis 
(case 57) or cyanosis (case 42). Hoarseness (case 56) was probably well 
explained by aneurysms of the pulmonary artery (recurrent paralysis of the laryn- 
geal nerve), but it was also present when there were only a moderate dilatation of 
the pulmonary artery and absence of disease of the mitral valve (case 43). 

As to the presence of cyanosis, the common occurrence of lesions of the mitral 
and tricuspid valves as an influencing factor must be remembered. No statement 
as to Cyanosis was made in nine cases. In thirteen cases cyanosis was not present 
(cases 12, 20, 21, 22, 25, 27, 29, 30, 31, 34, 37, 42 and 59). In the other forty 
cases it was present at least at some time during life. The duration of the 
cyanosis was mentioned in twenty-five of the forty cases. In about half of them 
the cyanosis was of long standing and in the other half of short duration, sometimes 
only of terminal character. The intensity of the cyanosis was mentioned in twenty- 


six of the forty cases. In about half of them the cyanosis was mild, and in the 
other half intensive, occurring occasionally as a terminal symptom. In the group 


in which absence of valvular lesions was definitely stated (cases 9, 20, 36, 39 and 
46) there were two instances of absence of cyanosis (cases 20 and 36), two 
instances of cyanosis of long duration (cases 9 and 46) and one instance of ter- 
minal cyanosis of short duration (case 39). Pallor was mentioned fourteen times 
(cases 1, 11, 12, 21, 24, 25, 26, 28, 33, 37, 40, 55, 58 and 62), in seven of which 
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cyanosis was also present. Between the pallor and the size of the aorta there was 
no close relationship; the size of the aorta was normal in some instances (cases 1, 
37, 40’ and 58) and small in others (cases 21, 25, 26, 33, 55 and 62). Physical 
underdevelopment, however, was closely associated with pallor (cases 1, 24, 25, 33, 
40, 55 and 62). Numerical blood counts and/or hemoglobin determinations were 
recorded in nine cases. The figures were above the normal standards in one case 
(case 61) ; in another case they were normal on first examination and later higher 
(case 56); in three cases anemia was present (cases 25, 36 and 46) ; the rest of 
the values are normal (cases 35, 47, 55 and 62). Clubbing was mentioned six times 
(cases 9, 23, 48, 56, 60 and 61) and was always found to occur with cyanosis. 
Absence of clubbing was present in five cases. 

A definite venous pulse in the veins of the neck and/or of the liver was 
described in twelve cases (cases 1, 4, 15, 19, 37, 43, 44, 51, 55, 56, 57 and 62), in 
four of which no organic valvular lesion was mentioned in the postmortem report 
(cases 1, 43, 44 and 57). 

A definite precordial bulge was described twelve times (cases 5, 8, 12, 18, 21, 
33, 34, 36, 40, 55, 57 and 62) and stated to be absent once (case 60). Pulsatory 
lifting of the entire chest or at least of the whole precordium was present eight 
times (cases 5, 15, 16, 19, 33, 53, 55 and 62). The findings in the apical region 
were different. The apical beat sometimes appeared to be broadened and not 
located precisely (cases 10 and 33); once it showed retraction, with normal peri- 
cardial conditions at postmortem examination (case 8), and often it appeared well 
circumscribed and resistant (cases 18, 40, 49, 50, 55 and 62). Marked systolic 
retractions of a number of intercostal spaces, with normal pericardial conditions at 
postmortem examination, were observed (case 62). 

In eleven cases the radial pulse was described as small or hardly palpable (cases 
3, 4, 9, 14, 23, 28, 32, 44, 49, 55 and 62); in about half of the cases mitral stenosis 
was present (cases 4, 28, 32, 49, 55 and 62). In one case the radial pulse was said 
to be rather full (case 5); here fenestration and thickening of the aortic valves 
was also reported. The presence of a small pulse in the periphery was sometimes 
associated with a small aorta (cases 23, 32, 55 and 62) and sometimes not (cases 
44 and 49). Blood pressure readings were reported in twelve cases (cases 36, 42, 
45, 46, 48, 49, 50, 53, 55, 56, 61 and 62). In six of these cases the systolic figure 
was 110 or less; the lowest pressure was 96 systolic and 62 diastolic (case 46). 
In the two cases with high blood pressure, one patient presented chronic inter- 
stitial nephritis and coarctation of the aorta (case 36) and one was in a higher 
age group (59 years, case 53). 

The rhythm of the heart, usually indicated by the pulse, was stated in thirty- 
seven cases. A regular rhythm was noted nine times (cases 22, 32, 35, 36, 40, 45, 
4, 55 and 56); an electrocardiographic record was given in three cases (35, 
5 and 56). A definite lesion of the mitral valve was present in four of these 
cases (22, 32, 55 and 56). An irregular or abnormal rhythm was reported twenty- 
eight times (cases 1, 2, 4, 5, 8, 12, 15, 16, 17, 19, 24, 27, 28, 31, 37, 38, 39, 41, 42, 44, 
46, 48, 49, 50, 51, 53, 57 and 62). In three cases observed over a longer period the 
rhythm was regular but later became irregular (cases 1, 12 and 62). In twenty- 
two of the twenty-eight cases (78.6 per cent) a valvular lesion was found at 
postmortem examination (cases 2, 4, 5, 12, 15, 16, 17, 19, 24, 28, 31, 37, 38, 41, 42, 
48, 49, 50, 51, 53, 57 and 62). An electrocardiogram was given in seven cases. It 
showed regular sinus rhythm three times (cases 35, 55 and 56), premature beats 
(cases 50 and 51), auricular flutter once (case 46) and auricular fibrillation once 
(case 62). 


5 
5 
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Statements as to the character of the pulmonic second sound were missing in a 
number of cases. In others replacement by a diastolic murmur was reported. An 
accentuation of the second sound over the pulmonic area was reported thirteen 
times (cases 4, 8, 16, 18, 22, 33, 42, 43, 49, 55, 56, 61 and 62). Of these cases 
eleven showed a definite and two a probable lesion of the mitral valve. In two 
instances (cases 8 and 43) a mitral lesion was absent. The pulmonic second 
sound was described as weak or absent in three cases (9, 12 and 25). In one of 
these (case 9) there was no valvular lesion, in an other (case 12) aortic stenosis 
and regurgitation were found, and in the third (case 25) no statement as to the 
valves was made. 

Murmurs were noted in the great majority of cases. Presence of murmurs was 
recorded in fifty-two cases and absence in five; no statements were made in four 
cases, and in one case there was “no definite murmur.” In forty-one of the fifty- 
two cases there were one or several valvular lesions present (cases 4, 5, 7, 11, 12, 
13, 15, 16, 37; 18 19, 21, 22, 24, 2%, 27, 2 3 HW, 32 BSH, 32, HW, 41, 
42, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 61 and 62). Thickening of the pul- 


monary valves as a single lesion was reported once (case 8). In six more cases 


a partial or no description of the valves was given (cases 23, 25, 29, 45, 47 and 60). 


The description of an old case (1 [1826]) was very short. In one case “no definite 
murmur” was reported, and there was no valvular lesion (case 44). All of the 
four cases in which there was no statement as to murmurs (case 2, 3, 6 and 34) 
showed valvular lesions capable of producing murmurs. 

Three cases remain (cases 9, 36 and 46) for a more complete discussion, and 
two cases are added from another group because of the existence of peculiar mur- 
murs (cases 8 and 57). 

CasE 9.—The patient, aged 27, was examined eight years before death. There 
was a bellows-like sound over the base, presystolic rather than diastolic, and the 
second sound was hardly audible. The short postmortem report stated that a 
valvular lesion was absent, that the pulmonary artery was of normal size, and that 
the interatrial septal defect was the size of a five shilling piece. 

Case 36.—The patient, aged 26, had a systolic thrill at the base, at the left 
sternal line and down to the fourth left rib. A loud, harsh systolic murmur with 
its maximum at the third left cartilage was heard over the entire front of the 
chest and on the left side of the back. There was a suggestion of an apical pre- 
systolic murmur. The postmortem reports stated that valvular lesions were 
absent; the pulmonary artery was almost normal in size and thin-walled, and there 
was a moderate degree of coarctation of the aorta (3 cm., as compared with 
4.5 cm. for the aortic orifice and 4 cm. for the portion beyond the point of narrow- 
ing). The interatrial septal defect was thumb-sized, and there was fenestration in 
the valvula foraminis ovalis. 

Case 46.—The patient, aged 5 years, had a loud blowing murmur over the 
entire precordium, which was maximum over the third left intercostal space and 
which seemed to extend into the diastole. Later the murmur was no longer heard. 
Postmortem examination showed no valvular lesion, but dilatation of the tricuspid 
orifice and marked dilatation of the pulmonary artery. The interatrial septal 
defect was 2.5 cm. 

Case 8.—The patient, aged 10 years, had a purring tremor over the area of 
cardiac dulness and later at the base. There was a loud systolic murmur heard 
at the base of the heart, to the right of the sternum at the level of the junction of 
its upper and middle thirds; later this murmur had a peculiar flapping character, 
especially to the left side. The pulmonic second sound was accentuated. At post- 
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mortem examination there was found a slight thickening of the pulmonary valves 
with an enormous enlargement of the pulmonary artery, and mitral regurgitation 
was also probably present. The interatrial septal defect was 8.9 cm. in cir- 
cumference. 

Case 57.—The patient, aged 52, had a thrill at the apex, a systolic-diastolic 
thrill in the second left intercostal space, a systolic and presystolic murmur at the 
apex, and a systolic and diastolic murmur over the pulmonary area. At post 
mortem examination there was thickening of the tricuspid valves, and to a slight 
degree, of the mitral valves; there was no involvement of the pulmonary valves: 
the pulmonary artery was dilated, with atheroma and thrombosis of its wall. The 
size of interatrial septal defect was 4 by 3.5 cm. 

Data on the four cases in which absence of murmurs was reported (cases 10, 14 
39 and 43) are given in table 5. As far as any conclusion is permitted from these 
few cases, it seems that an absence of murmur may occur with defects of different 
size and in the presence of dilatation of the pulmonary artery. 

A clinical diagnosis was attempted in twenty-one cases in which congenital 
disease of the heart was considered nine times (cases 33, 35, 36, 45, 50, 51, 55, 60 
and 62)—four times in combination with lesions of the mitral valve. The diagnosis 


TABLE 5.—Data on Cases in Which Absence of Murmurs was Reported 








Case Age, Yrs. Size of Defect Pulmonary Artery Valves 
1.5 cm. 7.3 em. No description 


14 Index finger 10.0 em.; endarteritis Mitral valves slightly 
and thrombosis thickened 


0.9 cm. 8.0 cm. (orifice) No description 


3.0 em. 7.0 cm. Functional tricuspid 
regurgitation 


of an interatrial septal defect was correctly made by Abbott (case 36), and con- 
sidered in a few more cases (cases 35, 55, 60 and 62). A lesion of the mitral 
valve was diagnosed fourteen times in twenty-one cases, and in thirteen cases post- 
mortem examination showed the diagnosis to be correct. Atherosclerosis of the 
pulmonary artery was diagnosed and proved in postmortem examination in one 
case (55). The presence of a mediastinal tumor was incorrectly assumed in 
case 56, and the patient submitted to an operation from which she died. This was 
due for the most part to an erroneous roentgenologic interpretation; aneurysms of 
the pulmonary artery were considered as tumors. In two more cases incorrect 
roentgenologic diagnoses were made, as follows: tuberculosis or tumor of the 
hilus (case 33); extensive mottling extending from the pulmonary roots and a 
nonpulsating mass to the right of the heart (case 48). 


COM MENT 


Different explanations of this anatomic type of defect have been 
offered. Since narrowness of the aorta is a common finding, it was 
considered to be the primary lesion (von Rokitansky). It should lead to 
an increase in pressure in the left side of the heart and thus bring 
about persistence of the interatrial communication. In consequence of this, 
enlargement of the right side of the heart and dilatation of the vessels 
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of the lesser circulation would occur. To this explanation the objection 
can be raised that congenital aortic atresia and aortic stenosis occur 
without interatrial septal defect (Berblinger) ; that actual narrowness 
of the aorta may not be present, though the aorta is smaller than the 


pulmonary artery (cases 18, 37, 40, 41, 49 and 57), and that at an early 


age (in the new-born, according to Seidel, and at 6 months, according 
to Carpenter) no difference in the size of the pulmonary artery and 
aorta was noted, a fact which permits the assumption that the character- 
istic variation in size takes place during postfetal development. Another 
explanation is that suggested by Lutembacher: that the mitral stenosis 
is of congenital rather than acquired character. This, during fetal life, 
would provoke a flow in reverse of the physiologic one, namely, from 
the left to the right atrium and would prevent the closure of the atrial 
septum; the blood would finally reach the greater circulation through 
the ductus arteriosus. Several objections can be made to this theory: 
1. In cases of congenital mitral stenosis or mitrai atresia (observed in 
the new-born or within the first few weeks of life) the foramen ovale 
has been found to be almost (Kockel) or completely closed (Ludwig, 
McIntosh). 2. A normal mitral ostium (explicitly stated to be so) was 
found in the presence of an interatrial septal defect (cases 8, 9, 13, 20, 
36, 39, 40 and 46). 3. The common occurrence of auricular fibrillation, 
also observed several times to develop from a regular rhythm, favors 
the conception that an acquired “rheumatic” disease is superimposed 
on the congenital malformation. 

It seems best to assume that the interatrial septal defect is the 
primary lesion, and that the characteristic findings of the heart and 
great vessels are secondary resultants. The assumption would be that 
a shunt from the left to the right atrium takes place; as a result, the 
right side of the heart and the lesser circulation would handle an 
increased amount of blood, whereas the left side and consequently the 
greater circulation would be deprived of an equal amount of blood, 
and this condition would continue throughout life. There is no direct 
proof for this theory (Gignoux, Cramer and Frommel, Dressler 
and Roesler), but sufficient indirect evidence has been given: 1. It has 
been shown in experiments on animals that the pressure in the left 
atrium is higher than that in the right (Straub), which would cause a 
shunt from left to right. 2. The size of the right cardiac chambers and 
the pulmonary artery as a rule exceed by far the size of the left cardiac 
chambers and the aorta, respectively. This is also found to be the case 
in the absence of valvular lesions and in the absence of an obstacle in 
the lesser circulation, which shows that blood in more than the normal 
amount is flowing through the right side of the heart and through the 
lesser circulation. It is known that an increased flow per unit of time 
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is the most effective stimulus to which the heart will respond by hyper- 
trophy and particularly by dilatation (in 1839 Ecker said “The influx 
of arterial blood into the cavities of the right side of the heart causes an 
increased function”). If the blood shortcircuits, dilatation of the heart 
and hypertrophy result. In the case of a peripheral fistula, the blood 
passes through both sides; in the case of a central fistula, only a part 
of the heart is propelling the stream of blood deflected (Holman) and 
will thus participate predominantly in dilatation and hypertrophy. (The 
fact that the degree of dilatation by far exceeds the degree of hyper- 
trophy was mentioned by Peacock in 1878.) 3. A further proof of 
the increased functional demands in the lesser circulation are dilatation 
and arteriosclerotic changes of the branches of the pulmonary artery and 
dilatation of the pulmonary veins. Likewise the disproportionately small 
size of the left ventricle and of the aorta, which is either relatively or 
absolutely small, is proof of the decreased amount of blood which is 
available at the left side and which causes a decrease in the functional 
stimulus for growth (in 1839 Ecker stated, “Such a communication 
may be the reason that the physiological dilatation of the aorta does 
not take place; since a noticeable amount of blood flows off to the 
right side of the heart, the dilatation of the aorta becomes, so to speak, 
superfluous”) ; furthermore, the venous fulness as compared with the 
relative arterial emptiness speaks in favor of the existence of a current 
from the left to the right atrium (Johnson, 1878). 4. The enormous 
degree of right-sided dilatation and hypertrophy occurs without an 
accompanying lesion; quite commonly, however, a lesion of the mitral 
valve is present, but in that case the degree of the right-sided dilatation 
is also out of proportion to the mechanical effects of the lesion ( Lutem- 
bacher). 5. There is sufficient evidence to assume that hearts with a 
relatively small defect show less enlargement as compared with hearts 
with a large defect; this also holds true if a valvular lesion is present, 
provided the degree and number of the lesions are considered. 6. The 
extreme rarity of crossed embolism speaks against the common occur- 
rence of a shunt from the right to the left; likewise it can be said that the 


complete absence of cyanosis throughout the entire life in a number of 


cases proves that at least for these cases an extensive shunt from the 
right to the left does not exist. 

One may thus characterize the interatrial septal defect as consisting 
of two elements: (1) a congenital arrest of development and (2) an 
acquired and progressive hydraulic disturbance (Costa). 

It is easy to conceive that the addition of a lesion of the mitral valve 
simply increases the characteristic features of this malformation, in the 
first place by increasing the pressure in the left atrium. In the presence 
of a button-hole type of mitral stenosis, the tendency of the left ventricle 
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and of the aorta toward narrowness will be increased. In the presence 
of a predominant mitral regurgitation, a venous pulse is likely to occur. 
The size of the left atrium, which is occasionally already enlarged 
without an accompanying lesion of the mitral valve, will increase. The 
right ventricle will also add to its already established dilatation and 


hypertrophy. The influence of pulmonary disease and disease of the 


tricuspid valve can easily be understood ; disease of the aortic valve is 
not common and occurs only in combination with lesions of other valves. 

The prognosis is not bad, when one considers that the average age 
is 36 years or higher, if the patients who died from causes other than 
cardiac failure are excluded. For comparison, Abbott’s figures for 
some other types of congenital cardiovascular malformation are: 
coarctation of the aorta (average age, 36; number of cases, seventy) ; 
interventricular septal defect (average age, 42; number of cases, seven) ; 
patency of the ductus arteriosus (average age, 29; number of cases, 
ninety-two) ; pulmonary stenosis with closed septums (average age, 10% 
years; number of cases, nine) ; pulmonary stenosis with defect of the 
interventricular septum (average age, 1244 years; number of cases, 
eighty-three). A certain amount of activity, repeated pregnancies, a 
higher age incidence and occasionally even hard work for many years 
(case 16) are possible for some patients; others are incapacitated for 
shorter or longer periods. It is difficult to prognosticate the interatrial 
septal defect per se because of the fact that in three fourths of all of the 
cases, chronic valvular lesions of some degree are found which should 
aggravate the prognosis. However, in the twelve cases in which the 
description mentioned absence of valvular lesions (cases 9, 23 and 46) 
or in which the lack of a positive statement permitted one to assume 
that at least no marked valvular lesion was present (cases 1, 10, 20, 25, 
36, 39, 44, 46 and 47) the average age was 25 years, which is definitely 
less than the total average of 36. If one leaves out three patients with 
diseases other than chronic primary cardiac disease, chronic renal 
disease (cases 36 and 39) and coronary thrombosis (case 47), one 
obtains an age of only 21% years as compared with the figure of 32% 
years for the corresponding average age of fifty patients; and if one 
leaves out the two small children (cases 10 and 25) aged 1 and 2 
years, respectively, one still has an average of only 27 years. Thus 
it seems that the combination of the interatrial septal defect with a 
chronic valvular lesion does not differ in prognosis materially from 
the uncomplicated interatrial septal defect itself. 

The curious relationship of sex in certain congenital cardiovascular 
defects has been pointed out by White, who used Abbott’s material. 
For certain types, there is no prevalence of one sex over the other; in 
other types, one sex is predominant. The average ratio in Abbott’s 





360 ARCHIVES OF INTERNAL MEDICINE 


series between male and female was 58.4 per cent: 41.6 per cent (859 
cases). If one takes Abbott’s figures in general and my figures for 
the interatrial septal defect, one obtains the ratios given in table 6. 
Medvei and Roesler pointed out that the pathologic changes in 
cardiac development may show a hereditary tendency and may be geno- 
typically conditioned. One would have to speculate that certain genes 


governing cardiovascular development are sex-linked. 


One might think that in cases of physical underdevelopment the 
aorta ought to be small, and that in cases in which the development 
is normal the aorta ought to be of normal size, granting thereby the 
range of variation in the size of the aorta. Of the twenty-one cases 
in which there was physical underdevelopment, measurements of the 
aorta were given in thirteen cases. In eight of them the aorta was too 
small (cases 6, 33, 42, 48, 55, 59, 61 and 62); in five of them the 
figures were within the normal range (cases 10, 23, 40, 41 and 49). Of 


TABLE 6.—Sex Incidence of Congenital Cardiovascular Defects 








Number of Per Cent Per Cent 
Type of Lesion Cases Male Female Comment 
Female sex 
predominant 
Male sex 
predominant 
No or negligible 
predominance 


Patent ductus arteriosus.................. &4 
Interatrial septal defect 62 
Coarctation of the aorta 68 
Anomalies of semilunar cusps............ 39 


Pulmonary stenosis 
Defects of interventricular septum 


So 83 se 
Sis 89S bobs 


the seven cases in which there was a normal physical development, 
measurements were given in three cases. In each of them the figures 
were within the normal range (cases 18, 22 and 60). 

There were only a few cases which did not seem to fit into the 
classic picture. In one case the size (case 22) was described as that of 
a man’s fist; however, the description mentioned right ventricular 
dilatation and hypertrophy and it was stated that the heart was kept 
in alcohol for a long time before the measurement was taken. In another 
case (case 11) the heart weighed 250 Gm., but the volume of the right 
side of the heart was said to equal that of the left. And in a third case 
the right ventricle was described as the only chamber of the heart 
which remained unaltered in size (case 36). One may assume that in this 
case the rather small defect, which was only the size of a thumb, 
permitted only a small amount of shunting; the pulmonary artery was 
of normal size also (6 cm.), though the aorta was smaller, as one 
might expect. 

It has been mentioned that atherosclerotic changes in the pulmonary 
artery and its branches are not uncommonly found in this type of 
congenital cardiac malformation. There are two cases in the literature 
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of sclerosis of the pulmonary artery in early childhood in which the 
authors did not realize the causal etiology of the interatrial septal defect. 
In one case of Linden’s, a girl, aged 11 months, had slight cyanosis, 
first with pure cardiac sounds, and later with a systolic apical murmur ; 
there was accentuation of the pulmonic second sound, and postmorten 
examination showed the characteristic picture of a large right atrium and 
ventricle, a very small left atrium and ventricle and a pulmonary artery 
40 mm. and an aorta 29 mm., in circumference. The foramen ovale 
was wide open and the ductus arteriosus patent for a probe. The 
branches of the pulmonary artery were widened, macroscopically and 
microscopically, and showed cushions in the intima with lipoid deposits. 
Linden developed the conception that an abnormal narrowness of the 
pulmonary veins had caused this pathologic condition. In the other 
case, that of Watjen, a girl, aged 6 months, had a large heart as reyealed 
by roentgenograms and a cough followed by attacks of cyanosis. Post- 
mortem examination showed an interatrial septal defect, 8 by 11 mm. 
in size, and an interventricular septal defect, 10 by 4 mm; the great 
vessels were transposed. The right ventricle was small and gave off the 
aorta, which measured 24 mm.; the left ventricle was twice as large as 
the right and gave off the pulmonary artery, which measured 40 mm. 
All of the branches of the pulmonary artery were widened ; the arterioles 
showed microscopically an obliterative intimal proliferation with lipoid 
deposits. Watjen’s idea as to how the shunt worked is objectionable, but 
he stated correctly that the functional mechanical overburdening in the 
lesser circulation caused the proliferation of the intima. 

There are several facts concerning the occurrence of valvular lesions 
which are of interest, but a well founded explanation cannot be offered. 
First of all, the frequency of their occurrence is striking (three fourths 
of the cases studied here showed valvular lesions of varying degrees). 


This number exceeded by far what has been observed in other types 


of congenital cardiovascular malformations. The actual number of 
lesions was undoubtedly even greater, since many of the descriptions 
were not detailed enough and since in a few of the cases no statements 
as to the valves were made. Second, there was absence of subacute 
bacterial endocarditis, although this condition is not at all rare in other 
types of congenital cardiovascular malformations (Abbott). In this 
series, about 10 per cent of the patients had acute endocarditis and 
less than 2 per cent (1 patient) died of it. In her recent series of one 
thousand cases, Abbott found that of fifty patients with an uncomplicated 
defect at the base of the interventricular septum twenty-one had acute 
endocarditis, thirteen of whom died of the bacterial infective process. 
The corresponding figures for ninety-two patients with patency of the 
ductus arteriosus were twenty-one and twenty-one. Acute endocarditis 
occurred in nine of twenty-five cases of pulmonary stenosis with a 
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closed ventricular septal defect. If one assumes that a “rheumatic” 
etiology was the underlying cause of the valvular diseases, one wonders 
why chronic pericardial disease was practically absent. It was found in 
only one case in which there was also chronic extensive tuberculosis of 
the lungs. On the other hand, complete irregularity of the heart was 
frequently noted and in most cases probably meant auricular fibrillation. 
It is easy to imagine that a constant overburdening leads to fibrotic 
endocardial changes; this hypothesis would be more easily applicable 
to changes in the tricuspid and pulmonary valves. It is rather difficult 
to explain changes in the mitral valve on this basis, especially if a 
buttonhole mitral stenosis is found. No mechanical explanation of this 
sort would hold true for lesions of the aortic valve. 

Though it seems probable that the size of the defect may influence 
the size of the heart in general, it is difficult to prove it. One would 
have to show that in the presence of small openings, which are actually 
open, 1. e., have no valvelike character, the hearts keep to a normal or 
almost normal size. Four cases can be cited which showed no defects 
or lesions other than the opening. Markham told of a child, aged 4 
years, in whom the foramen ovale permitted the point of a finger to 
pass but was partly narrowed by a membranous valve; the heart was 
normal in every aspect. Foster reported the case of a child, aged 2 years, 
in whom the aperture was the size of a goose quill; the heart and the 
great vessels were normal except for a slight degree of hypertrophy 
of the right atrium. Mouls reported the case of a child, aged 3 months, 
in whom the aperture would receive a pencil; the ventricle and the 
large vessels were normal. Ohm had a patient, aged 16 years, in whom 
the foramen ovale was open far enough to receive a thick probe; the 
heart was twice as large as the fist, and all of the cardiac chambers 
were dilated. Thus Ohm’s case does not fit into the aforementioned 
theory. If the interatrial septal defect becomes large, one is finally 
faced with the cor triloculare biventriculosum; here, however, one 
can no longer speak strictly of a defect, and the mechanics are most 
probably also different. 

There is no unusual tendency noted for the development of tuber- 
culosis of the lungs; the rich supply of blood to the lungs resulting from 
the mechanics of this condition (in contrast, for instance, to pulmonary 
stenosis) as well as the frequent occurrence of lesions of the mitral 
valves can be accounted for. 


Assmann described the important roentgen findings; they consist 


of an unusually small aortic knob, a prominent pulmonary arch, wide 


hilar vessels and an enlarged, globular heart. The enormous enlarge- 
ment of the hilar vessels has been misinterpreted roentgenologically, 
tuberculosis and tumor being the two main erroneous diagnoses. In 
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one case (Wahl and Gard, case 56) the report of the roentgen examina- 
tion seemed to support the final diagnosis of mediastinal tumor, since the 
observed masses were sharply defined and did not pulsate. The patient 
bled to death when the mediastinal mass was incised. Postmortem exam- 
ination showed that the branches were of spheroid shape and were 
filled with thrombotic masses. Each of the roentgenologic characteristics 
taken per se may be found in other pathologic conditions also: The 
absence of the aortic knob (at the left side) is seen in enormous 
enlargement of the pulmonary artery due to any etiology, in marked 
mitral stenosis, in coarctation of the aorta and in cases in which the 
aortic arch crosses the right bronchus (right-sided aortic arch). Enlarge- 
ment of the pulmonary artery and of its branches occurs occasionally 
in the presence of certain other congenital anomalies, such as patency of 
the ductus arteriosus and interventricular septal defect, or it is due 
to primary degenerative processes (atherosclerosis and arteriosclero- 
sis) or to syphilitic or mycotic disease. Increased pulsations of a 
moderate degree need not be an expression of valvular regurgitation, 
though it is difficult to exclude functional incompetency. An increased 
pulse pressure in the lesser circulation and/or pathologic changes of 
the wall seem to be able to produce this roentgenologic symptom also. 
Lutembacher stated that the wooden shoe-like shape (c@ur en sabot) 
was an important point in the roentgenologic part of the diagnosis, and 
Cramer and Frommel, as well as Muller, accepted his conception. Lutem- 
bacher’s belief was merely theoretical, because in his case no roentgen- 
ologic study was made. Actually, neither the published pictures nor 
my case showed evidence of the caur en sabot. This shape is due to 
a break in the contour of the left side of the heart because it is formed 
by both ventricles, the right ventricle below and the left ventricle above 
(Raab, Roesler); it is also best seen in cases in which the right 
ventricular hypertrophy predominates over the dilatation, as in pul- 
monary stenosis. In the interatrial septal defect the silhouette of the 
heart varies in shape from oval to globular, and the contour of the 
left side of the heart is almost entirely formed by the right ventricle, 
the right ventricle remaining above and the left ventricle below (and 
mainly posteriorly). The fact that even enormous degrees of right 
ventricular enlargement may express themselves as a predominant 
enlargement of the cardiac shadow to the left is not fully appreciated 
in the roentgenologic literature, but a study of the postmortem situs 


will often show that the enlargement of the right ventricle is pre- 


dominantly or entirely to the left of the median line. Scarcely any 
studies have been made in the oblique positions to determine the size 
of the left atrium, but, as my case shows, definite enlargement has been 
demonstrated and must be expected quite often, though this diagnostic 
feature does not help in the diagnosis of the interatrial septal defect 
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proper. The low position of the diaphragm may be understood in a 


twofold way: First, a large, heavy heart depresses the diaphragm by 
its weight; it may be recalled that the postmortem weight of all of 
these hearts was definitely less than the actual weight during life because 
of the large volume of blood in them. If the pressure lasts predominantly 
in the central portions as one sees it in the presence of a large right 
ventricle (and also in the presence of an aneurysmal dilatation of the 
left atrium), the depression affects the entire diaphragm equally, whereas 
in predominating enlargement of the left ventricle only the left leaf 
is markedly depressed. Second, this low position is an expression of 
physiologic adaptation; the space available for the lungs is actually so 
narrowed down by these tremendous hearts that the mechanism 
of lowering the diaphragm seems to be the only way to guarantee a 
certain expansion for them. 

In all of the five cases in which the electrocardiographic study per- 
mitted the degree of axis determination, a marked anatomic pre- 
dominance of the right side existed, expressed by the size of the hearts 
themselves as well as by their weights, and it is known that in all of 
the hearts of this type a counterclockwise rotation of the entire mass 
of the heart takes place. Since in four cases the degree of axis devia- 
tion to the right was only moderately marked, it seems permissible to 
assume that some proof is given hereby that the actual increase in the 
thickness of the wall plays even a greater role in the production of 
axis deviation than an enormous dilatation with the additional counter- 
clockwise rotation. 

It is the ordinary picture of cardiac failure which governs the last 
months or years of the life of the patients, provided death is not caused 
by an intercurrent disease. Peripheral edemas are often but not always 
reached. In the morbus caeruleus type, for instance, in cases of pul- 
monary stenosis, death may occur rather suddenly. It is known, on the 
other hand, that the course of decompensation in chronic valvular lesions, 
especially in lesions of the mitral valve, is rather chronic. With the 
interatrial septal defect death is not sudden. The course of decompensa- 
tion may be similar to that of simple chronic valvular lesions or may be 
of shorter duration, lasting only a few months. 

Neither analyses of the blood gases nor microscopic studies of the 
capillaries of the skin are available in any case. Therefore any dis- 
cussion on the cause of the absence, presence and degree of cyanosis 
(and in partial connection with this problem, any discussion on the 
absence, presence and amount of intracardiac shunt) is merely specula- 
tive. If cyanosis, sometimes of an intensive degree, appears only a 
short time ante mortem, it is spoken of as “cyanose tardive” (Bard 
and Curtillet; Wallmann, 1852), the assumption being that a raised 
pressure in the right atrium brings about a shunt from right to left. 
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lf this mechanism is to take place, one would have to postulate that 
the balance between the right and left sides of the heart becomes dis- 
turbed (left-sided failure), or that the resistance in the lesser circula- 
tion suddenly increases. It is important to realize that the appearance 
and persistence of cyanosis and its degree will be influenced by con- 
comitant valvular lesions and by arteriolosclerotic changes in the pul- 
monary arterial system. If in a given case cyanosis was mainly brought 
about by the shunt, one would know that at least one third of the blood 
was shunted across (Lundsgaard and van Slyke). 

The interatrial septal defect shows right-sided dilatation (and hyper- 
trophy) as a leading feature. The pulsatory phenomena of veins and 
liver as well as of the wall of the chest will therefore commonly 
demonstrate characteristic though manifold signs of this anatomophysio- 
logic fact (Dressler). 

The insufficient description and the lack of graphic registration 
(case 55 is an exception) of the venous and liver pulse make it impos- 
sible to state whether a simple systolic pulse or a double-waved, 
auricular pulse was present. The depression of the pulse wave in 
the veins and liver corresponds in time to the systolic emptying of the 
heart and is caused by the diastolic-presystolic emptying of the atria 
and the ventricular contraction (downward movement of the atrio- 
ventricular septum and diminution of the volume of the ventricular 
chambers). Failure of the right ventricle with overfilling of the right 
atrium, especially in the presence of auricular fibrillation, counteracts 
this depression in the pulse wave. In cardiac failure the venous blood 
empties into the right atrium, not, as normally, predominantly during 
systole but almost entirely during diastole; in congestive heart failure, 
the venous blood empties only during the beginning of diastole. The 
result is a systolic pulse, consisting of systolic plateau and a slope in 
the beginning of diastole. If, however, a regular sinus rhythm persists 
and the hypertrophied right atrium thus has not lost its action, the pre- 
systolic atrial contraction, which finds resistance in the remainder of 
the blood filling in the ventricle, throws blood back into the large veins; 
then, in addition to the systolic elevation (which is an expression of 
congestion) there is added a wave of presystolic regurgitation, and a 
double-waved pulse results. This type of pulse has been formerly con- 
sidered as characteristic of tricuspid stenosis (Mackenzie), but it is 
found in the presence of other conditions also: in the combination 
of mitral stenosis with an open foramen ovale or interatrial septal 
defect (Jagic; Dressler and Roesier [case 55]), or in concretio cordis 
(Volhard, Wenckebach), or whenever venous congestion in the 
greater circulation, right atrial hypertrophy and sinus rhythm are act- 
ing together. Mitral regurgitation with an interatrial communication 
does cause a systolic venous pulse (Reineboth), as is easily understood 
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from the mechanics in this condition. A systolic or presystolic venous 
pulse may therefore be found in the presence of the interatrial septal 
defect with or without an accompanying lesion of the mitral valve 
Other conditions, however, give rise to these pulsatory phenomena just 
as well and may be well combined with the primary congenital mal- 
formation, especially congestive failure of the greater circulation and 
lesions of the tricuspid valve. The marked hypertrophy and dilatation 
of the right side of the heart, especially of the right atrium, are condi 
tions favorable for the appearance of an abnormal venous pulse. 
Systolic propulsions and depressions of the thoracic wall are con 
sidered here mainly as being caused by the right side of the heart. The 
normal apical thrust is caused by the left ventricle and is due to several 
factors during systole. These are lever-like upward and forward move- 
ments of the apical portion, clockwise rotation of the left ventricle, an 
increase in consistency and, at least in animals, formation of a hump 
above the apical portion of the left ventricle. Over the precordium, 
corresponding to the right ventricle, there is often seen slight systolic 
depression. While enlargement of the right ventricle (hypertrophy and 
dilatation) commonly will produce a systolic precordial propulsion, pure 
dilatation as a rule does not, and pure hypertrophy scarcely ever does 
(Dressler). In enlargement of the right ventricle of considerable degree 
but without hypertrophy, pulsatory heaving of the lower sternum, how- 
ever, occurs, as was shown in Hoefler’s case, in which there was an 
interatrial septal defect (case 33) and in which the wall of the enormous 
right ventricle had a general thickness of only 4 mm. and a thickness of 
only 6 mm. in the conus area. The systelic propulsion of the lower 
central portion of the thoracic wall is due partly to change in the 
shape of the cardiac mass (mainly during the presphygmic period) from 
a transverse ellipse in cross-section to a cone, and partly to recoil. The 
latter factor is increased by high pressure in the pulmonary artery and 
by increased filling of the right ventricle (Lang). As long as the left 
ventricle is not completely displaced, a normal circumscribed apical 
thrust may persist. In the presence of considerable enlargement of the 
right ventricle the front wall of the heart is mainly formed by it (and 
by the right atrium) and so is the apical thrust, the left ventricle having 
been pushed away from the wall of the chest. This apical thrust as a 
rule is not well circumscribed, and a centripetal movement may or may 
not prevail, depending apparently on how quickly the border of the 
left lung can fill the available free space. In rare instances, however, 
(in interatrial septal defect, according to Dressler and Roesler), a well 
circumscribed resistant apical forward thrust can be found, exactly like 


that in hypertrophy and dilatation of the left ventricle. The explanation 


for these cases is that the enormous right atrium displaces the large 
right ventricle to the left, so that the main mass of the right ventricle 
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no longer corresponds to the precordium but rather to the axillary por- 
tion. The displacement to the left is aided by the absolute or relative 
narrowness of the left ventricle, as in many cases of interatrial septal 
defect. This finding, a well circumscribed, resistant apical thrust 
in the apical region in the presence of a predominant and enormous 
right-sided enlargement, is not known for any other clinicopathologic 
condition. In high degrees of right ventricular enlargement, the 
systolic propulsion can extend down to and include the apical region, 
but it rather fades out toward it; this type also is likely to occur in 
the presence of a small left ventricle. The propulsion of sternum and 
precordium is especially favored if the heart has a support against the 
spine, i. e., if it reaches a considerable size and especially if the left 
atrium is markedly enlarged also (Dressler ). 

The heart is pressed against the anterior thoracic wall by the atmos- 
pheric pressure in the lungs, at its posterior and lateral circumference. 

The lung cannot move away from the chest wall, and neither does the heart, 
unless another freely movable part takes up immediately the newly formed space 


since the ribs, as stiff parts of the surroundings cannot follow the move- 
ments of the heart, it results necessarily that the parts of the heart adjacent to 


them remain fixed, just as well as the ribs themselves . . . in all cases where 
the heart lies in a larger area close to the chest wall the adjacent displaceable chest 
organs (especially the lungs) will not be able to fill this space with sufficient speed 
and to the necessary extent; therefore, the heart will remain fixed to the chest wall 
during all movements (Kiwisch, 1846). 


This statement explains how localized depressions of the thoracic wall 
may be caused by the action of the heart, especially if it faces to a 
large extent the anterior thoracic wall. Atelectasis of the puimonary 
borders, so commonly seen in the presence of large hearts, adhe- 
sions and infiltrations, will inhibit the function of the pulmonary 
cushion (Weltmann). The propulsion of the sternum and precordium 
acts like an inspiratory movement. Besides this immediate aspiration 
another mechanism, a mediate aspiration, has to be considered. In certain 
cases in which there are valvular defects the intrathoracic pressure drops 
markedly during systole, namely, when a relatively large amount of blood 
(pathologic increase in the volume per stroke) suddenly disappears from 
the thoracic cavity ; this takes place in aortic and tricuspid regurgitation 
(Lang) ; in the latter this sudden change lasts longer because the venous 
return into the chest is inhibited during systole. If this difference in 
pressure is unusually marked, the pulsatory phenomena—depression— 
will extend far beyond the borders of the heart. In the presence of 
increased venous pressure the venous inflow, however, will more rapidly 
compensate for the diminution in the systolic intrathoracic pressure. A 
third cause for depressions of the thoracic wall of the diffuse type is 
the action of aspiration as caused by the forward bulge of the middle 
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portions of the anterior thoracic wall. The chest represents a stiff- 
elastic system. If a pulsatory force sets up a short lasting deformation 
in one area, movements, though of less intensity, will take place in the 
surroundings as well as at some distance from this area (Dressler). A 
propulsion of the sternal portion brings about traction along the lateral 
portions of the bony thorax, resulting in a flattening out and inward 
movements of the ribs, usually more marked at the right than at the 
left side. A propulsion of the right side of the chest, as for instance, 
that seen in tricuspid regurgitation when the blood is thrown into the 
right atrium and into the liver, leads to a marked depression of the left 
side of the chest. 

In the presence of these pulsatory phenomena one should consider 
chronic pericardial disease last and not first, as is usually done. 

The right atrium of normal size is nowhere in contact with the 
thoracic wall; when enlarged it may reach the left sternal border. It 
seems that it can produce palpatory thoracic movements only if blood 
is rushed into it with arterial power, as in tricuspid regurgitation. 

A correlation of the various actual instances of apical pulsations and 
those of the thoracic wall in the interatrial septal defect with the facts 
of this discussion shows that these phenomena can be explained by the 
finding of a large right side of the heart, and that they will be increased 
by smallness of the left ventricle, the presence of lesions of the mitral, 
tricuspid and pulmonary valves, increased pressure in the lesser circula- 
tion and thin, elastic thoracic walls—conditions commonly present in 
the interatrial septal defect. 

The epigastrium frequently shows pulsations, namely, a systolic 
depression; this is due, first, to the systolic volumetric diminution of 
the liver and, second, to the systolic upward pull of the left lobe of the 
liver. A systolic forward bulge is usually due to a ventricular pulse 
of the liver, on account of congestion or regurgitation. Systolic pulsa- 
tions of the abdominal aorta occasionally may be seen and felt, and in 
rare cases the enlargement of the right ventricle may produce a systolic 
heaving in a small area between the xyphoid process and the left costal 
arch. Pulsations of the extent observed in my case are unique. In this 
case the tremendous right ventricle had displaced the diaphragm down- 
ward to an enormous degree, as clinical, roentgenologic and anatomic 
observation showed. 

The small volume of the peripheral pulse and the occurrence of a 
rather low blood pressure may be in connection with a decreased output 
of blood into the greater circulation and with an underdevelopment of 
the arterial system. 

The number of cases in which a graphic registration would permit 
the exact recognition of the type of irregular or abnormal rhythm is 





ROESLER—INTERATRIAL SEPTAL DEFECT 369 


small, but it is probable that auricular fibrillation was present in the 
majority of these cases. The descriptions often mention total irregu- 
larity, irregularity over prolonged periods or irregularity occurring in 
the later stages of the disease, and in more than three fourths of these 
cases there is a chronic lesion of the mitral valve as a postmortem 
finding. It is only logical to assume that a causal relationship exists 
between the “rheumatic” process and the occurrence of auricular fibril- 
lation. The interatrial septal defect thus takes on a unique feature among 
the congenital cardiovascular malformations. In Roesler and Kiss’ elec- 
trocardiographic study of one hundred patients with congenital cardiac 
disease, including all age groups up to the fifth decade, there was 
no incidence of auricular fibrillation; the same was true for Wedd’s 
twenty-six patients, aged 18 and above, and for Irvine-Jones’ one hun- 
dred children. The few cases in which auricular fibrillation was present 
(McCulloch’s case 11; Krestin) showed definite evidence of rheumatic 
disease also. 

One probably may expect the pulmonic second sound regularly to be 
accentuated. This, however, is not always the case. Its common occur- 
rence in the presence of a lesion of the mitral valve deprives it of much 
of its value as a diagnostic sign. 

It can be stated that an interatrial septal defect may exist without 
giving rise to a murmur (Chiari, Elbogen, Ménétrier and Wolff and 
Hotz, case 2). The question as to whether the interatrial septal defect 
produces a murmur is more difficult to answer. After many cases had 
been excluded by the former analysis there remained a few for discus- 
sion. In Peacock’s case (8) one wonders how much connection the 
basal murmur may have had with the thickening of the pulmonary valve 
and with the enormous dilatation of the pulmonary artery, since it is 
known that the passage of blood from a vessel of a relatively narrow 
caliber to one of much greater caliber may cause a murmur; on the 
other hand, this murmur was best heard to the right of the sternum. 
In Abbott’s case (36) there was coarctation of the aorta, and in this 
anomaly murmurs are well known to occur, partly in connection with 
the collateral circulation and in the back, where the murmur was present 
in this case. Whether murmurs exist or not with this moderate degree 
of coarctation cannot be stated in general. In Costa’s case (57), there 
arose a question as to whether the thrills and murmurs over the pul- 
monary area might not simply have been caused by a functional pul- 
monary regurgitation and by the extensive changes in the walls of the 
pulmonary artery. Johnson’s case (9) and Amberg and Willius’ case 
(46) offer little argument except that there was a short description of 
postmortem findings in the former, and in the latter the presence in 


a child of a murmur with its maximum at the left of the base may 
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not be characteristic. One is indeed reminded of the statements of th 
two authors, Markham and Potain: 


In all cases of open foramen ovale hitherto met with in which bruits have bee: 
heard during life, there have been found (where examinations have been mad 
after death) in addition to the open foramen ovale, abnormal conditions in other 
parts of the heart, or of the great vessels, such as of themselves might be con- 
sidered sufficient to produce the unnatural sound (Markham, 1857). 

J’en dirai autant de la communication interauriculaire par persistance du tr 
de Botal. Elle parait incapable de déterminer un bruit de souffle quelconque, car, 
lorsque cette lésion est isoleé, elle ne s’accompagne d’aucun bruit normal; et je m 
connais pas une seule observation ot le souffle qui lui a été attribue ne put recevoir 
une interpretation meilleure. Le volume de l’onde, sanguine est sans doute ici 
trop minime et la force de projection trop petite. (Potain, 1894.) 

(I shall say as much for the interauricular communication through persistenc 
of Botal’s foramen. It seems incapable of producing any murmur because, when 
this is an isolated lesion, it is not accompanied by any normal bruit; and I know 
of no observation in which the murmur that was attributed to it could not receiv: 
a better interpretation. The volume of blood is undoubtedly too small and th: 
projecting force too weak in this instance.) 


One could think that in cases in which the interatrial opening has 
a smaller caliber than that dealt with in my series there is more likeli- 
hood of the appearance of a murmur. And indeed, there are several 
cases to be cited. Apparently they do not present an interatrial septal 


defect proper but stages in the closure of the foramen ovale or per- 


sistence of an incomplete union of the valvula with the septum ( Patten) ; 
they are given in table 7. Carpenter’s case probably may be discarded, 
considering the type of murmur present and the age. 

It may be stated that there is some evidence, though not final, that 
a murmur may occur owing to the presence of an interatrial septal 
defect. It should be best perceived over the sternum, at about the level 
of the third rib. It is usually systolic, but may start in or extend into 
the diastole; it should not be transmitted into the vessels of the neck. 
Almost the same conception was expressed by Gignoux. It seems that 
there would be no diagnostic significance if it is heard to the left of the 
sternum, because it could not be differentiated from murmurs caused 
in the area of the pulmonary orifice or the pulmonary artery. Theoret- 
ically it is possible that the murmur could be heard to the left of the 
median line, since it has been pointed out that the right side of the 
atrium may extend that far to the left. Laubry and Pezzi pointed 
out that there would hardly be a possibility of transmission to the 
thoracic wall because the murmur, naturally of short duration and of 
little intensity, would take place in the left atrium, which is deeply 
situated, especially on account of the enormous right-sided enlargement. 
As one may assume that a murmur is produced at the level of the defect, 
their argumentation is correct: The distance of the interatrial septal 
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defect from the anterior thoracic wall is marked. If the conception 
of the shunt from left to right is correct, the murmur will be transmitted 


Abbott 
and Weiss pointed out that this murmur is liable to be manifest at the 


into the right atrium, however, and not into the left atrium. 


point of the precordium where the right chambers most closely approxi- 


mate the thoracic wall. 
Of historical interest is the reasoning of some of the authors as 
to how and during which phase of the cardiac cycle this murmur 


TABLE 7.—Cases Representing Stages in the Closure of the Foramen Ovale but Not 


Author 
Markham 


Foster 


Ohm 


Carpenter 


Age, 
Years 


S ze of 
Defect 


Point of 
finger 


Goose 
quill 


Pencil 


Thick 
probe 


\% inch 


an Interatrial Defect Proper 


Size of 


Heart Valves 


Normal Normal 


Right Normal 
atrium 

slightly 

hyper 

trophied 

and dilated 


Normal Normal 


Enlarged 


Right 
atrium 
hyper 
trophied 
and dilated 


ment 


No state 


Pulmonary 
Artery 


No state 
ment 


Normal 


No state 
ment 


Normal 


Murmurs 


Rough, loud 
systolic bruit 
at the base and 
in the left sub- 
clavian region; 
later on Over 
the whole 
precordium 


Systolie mur 
mur at third 
left rib next to 
the sternum, 
variable in 
intensity 
Presystolic 
midsternal 
murmur 


Systolie and 
diastolic mur 
mur at apex 
and base, some 
times also 
presystolic; 
*hanging in 
intensity and 
character 
Rough systolic 
murmur, maxi 
mum in second 
left intercostal 
space; not 
transmitted 
to the back 


Comment 


Death due 
to miliary 
tubercu 
losis 


Cyanotic 
since birth 


Pale, 
underdevel 
oped; 
broncho- 
pneumonia 
Pale, 
eyanotic 
and under 
developed; 
cerebral 


embolus 


should take place. Markham thought that because the murmur in his 
case was perceived during ventricular systole, it must have been coinci- 
dent with atrial diastole; during the atrial systole the pressure would 
be equal in both atria, and therefore no tendency of blood flow from 
one to the other would exist. During atrial diastole the blood rushes 
from the vena cavae and pulmonary veins into the relaxed atria and 
finds its way through the foramen and may under certain conditions 
conceivably produce vibrations. The murmur in Johnson’s case was a 
presystolic one. He felt that the right atrium would empty itself less 


completely during atrial systole than the left, in consequence of the 
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influx of blood from the left side. Then during the succeeding atrial 
diastole some blood would flow from the partially filled right atrium 
into the left one. Thus there would be a to and fro tidal flow of blood 
through the foramen ovale, an active propulsion of arterial blood to 
the right during the atrial systole and a passive flow of venous blood 
to the left during atrial diastole. In Ohm’s case there was a systolic and 
diastolic basal (and apical) murmur. The systolic murmur was thought 
to be caused by the back-flow of blood through an incompetent mitral 
orifice (the heart was enlarged) which on being pressed through the 
foramen ovale would cause vibrations, perceived as a systolic murmur ; 
while during ventricular diastole the overfilled left atrium would empty 
rapidly (more rapidly than the right atrium), suction would draw blood 
from the right into the left atrium, and the vibrations would cause the 
diastolic murmur. 

That many of the clinical signs and symptoms in the presence of 
an interatrial septal defect occur in other types of organic cardiac disease 
was clearly stated by Ecker in 1839. 


SUMMARY 

A case is reported which illustrates the clinical and anatomic 
peculiarities of interatrial septal defects. Sixty-two cases have been 
reviewed, including mine. All of the cases of small defects or complete 
absence of the interatrial septum and combinations with patency of 
the ductus arteriosus, pulmonary stenosis, interventricular septal defect 
and a high grade of coarctation of the aorta have been excluded. 

In at least three fourths of all the cases valvular lesions were found 
which affected predominantly the mitral orifice. Subacute bacterial 
endocarditis did not occur ; chronic pericardial disease, crossed embolism 
and tuberculosis of the lungs occurred rarely. 

Almost all of these hearts were large; they were often of enormous 
size, even in the absence of a valvular lesion. This was entirely, or 
almost entirely, due to a right-sided enlargement, dilatation exceeding 
hypertrophy in a disproportionate degree. The left side underwent 
relatively little change from narrowness to a moderate increase in size. 
The average heart weight for nineteen patients above the age of 14 was 
574 Gm., and in nine cases of complete or almost complete absence 
of valvular lesions, 469 Gm. There was some evidence that the size of 
the heart was influenced by the size of the interatrial defect. The 
pulmonary artery was always larger than the aorta, the average ratio 
being 3:2. Expressed in absolute figures, the pulmonary artery was 
large or very large, but rarely normal in size. The aorta was usually 
below the normal figures, often being very small and thin-walled. 
The branches of the pulmonary artery were often dilated, the artery 
as well as its branches being the seat of atherosclerotic processes. As 
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seen in situ, the right side of the heart formed the entire front wall; 
the pulmonary conus extended far to the left and upward, and the aorta 
was placed between the pulmonary artery and the superior vena cava. 

This cardiovascular malformation can be best conceived in its entity 
by assuming that there was added to the congenital arrest of development 
an acquired hydraulic disturbance, a shunt from left to right, as a 
result of which the right side of the heart and the lesser circulation 
handled an increased, and the left side of the heart and the greater cir- 
culation a decreased, amount of blood. The indirect evidences for this 
theory were given. 

The average age was 36 years; the prognosis as to duration of 
life was about equal with that in coarctation of the aorta, less than 
that in the interventricular septal defect and better than that in patency 
of the ductus arteriosus and pulmonary stenosis. Repeated pregnancies, 
anesthesia and capacity for physical work were well supported in a 
number of cases; in others, however, chronic invalidism was present. 
The common combination with chronic valvular lesions did not aggravate 
the prognosis. There was prevalence of the female over the male sex 
in the proportion of 3:2, similar to the ratio in patency of the ductus 
arteriosus. 

The clinical course was that of ordinary cardiac failure, lasting 
for shorter or longer periods, even when all of the cases with valvular 
complications were omitted. Clubbing was sometimes present. Cyanosis 
was more often present than not, but the combination with lesions of the 
mitral and tricuspid valves is to be remembered. Pallor, a small radial 
pulse and a tendency to a lower blood pressure were rather common. 
These findings may be understood as an expression of actual arterial 
underdevelopment and/or a decreased output of blood into the greater 
circulation. Other clinical findings were an expression of the enormous 
right-sided enlargement of the heart. These were: the precordial bulge ; 
certain features of the apical thrust (circumscribed and _ resistant, 
indefinite and systolic retraction) ; systolic propulsions and depressions 
of smaller or larger parts of the thoracic wall (important for differential 


diagnosis from chronic pericardial disease) ; the occurrence of a systolic 


or presystolic pulse in the veins and liver, which was influenced by 
venous fulness, the presence of sinus rhythm or auricular fibrillation, 
and the occurrence of regurgitation of the tricuspid and mitral valves. 
Auricular fibrillation was common; in this the interatrial septal defect 
distinguished itself entirely from all other congenital cardiovascular 
malformations in which auricular fibrillation was of the greatest rarity. 
The same cause obviously was responsible for auricular fibrillation and 
chronic valvular deformity, especially of the mitral orifice. The common 
occurrence of an accentuation of the pulmonic second sound was mainly 
an expression of a concomitant lesion of the mitral valve. In the 
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absence of this lesion accentuation was sometimes present. Murmurs 
were at times absent. When present, however, they were more commonly 
due to the combination of valvular lesions. In the absence of lesions, 
there was still dilatation of the pulmonary artery to be considered wit! 
or without changes in the wall and relative insufficiency of the orifice 
as the cause of murmurs which were probably thought to be character- 
istic of the defect. If a characteristic murmur of this sort existed, it 
was midsternal systolic, probably partly diastolic and not accompanied 
by a thrill. 

The roentgenologic findings were those of a large heart varying 
in shape from oval to globular and extending, as a rule, toward the left. 


The pulmonary conus and artery projected far to the left, and upward 


and forward. The branches of the pulmonary artery (the “hili”) at 
times showed increased pulsations and were sharply defined and enlarged. 
Lack of knowledge of the roentgenologic picture led to the erroneous 
diagnosis of mediastinal tumor or tuberculosis. The aortic knob was 
small—at times invisible. Other conditions which caused pulmonary 
dilatation and narrowness or absence of the aortic knob were given. 

The interesting finding from the electrocardiographic study was 
the presence, as a rule, of only a moderate degree of axis deviation to the 
right. Enormous dilatation of the right side of the heart with compara- 
tively moderate hypertrophy did not cause a high degree of right axis 
deviation in the electrocardiogram. 


APPENDIX 
This is a tabulation of the sixty-two cases arranged consecutively by year. 


Case Year Author 
1 1826 Louis (no. 4) 

1835 Souillaud (no. 157) 
1847 Mayo 
1862 Petters 
1864 Hiiter 
1875 Rokitansky (no. 7) 
1875 Coupland 
1878 Peacock 
1878 Johnson 
1880 Chiari 
1880 Bucquoy 
1880 Firket 
1880 Gibier 
1884 Elbogen 
1887 Nicolaides 
1890 Greenfield 
1893 Butin 
1894 Jaenike (-Rudolph, 1900) 
1895 Reineboth 





ROESLER—INTERATRIAL SEPTAL DEFECT 


1902 Dhotel 

1904 Seide! (no. 2) 

1904 Soldner 

1905 Sundberg 

1907 Ems 

1909 Popper 

1909 Sand (no. 9) 

1909 Abbott and Kaufmann (no. 2) 
1910 Lésieur, Froment and Crémieu 
1910 Gignoux (no. 14) 
1910 Gignoux (no. 16) 
1911 Dufour and Hubert 
1911 Moureyre 

1912 Hoefler 

1913 Sternberg 

1915 McCulloch (no. 1) 
1915 Abbott (no. 1) 

1915 Abbott (no. 2) 

1916 Lutembacher 

1917 Ménétrier and Wolff 
1920 Zeidler (no. 1) 

1920 Zeidler (no. 2) 

1923 Cramer and Frommel 
1923 Hotz (no. 2) 

1925 Beattie 

1926 Villaret, Chaveau and Bariéty 
1926 Amberg and Willius 
1926 Mouktar and Sédad 
1926 Cabot 

1927 Muller 

1928 Jonen 

1928 Langéron and Lohéac 
1929 Halipré 

1929 Hammer and Bok 
1929 Pelicelli 

1930 Dressler and Roesler 
1931 Wahl and Gard 

1931 Costa (no. 1) 

1931 Costa (no. 3) 

1931 Costa (no. 4) 

60 1931 Costa (no. 5) 

61 1932 Okkels and Therkelsen 
62 1933 Roesler 


nmownuwn 
who — 


vnunet 
Dns NA tn & C 


wn 
© 


This is the eleventh article of a series of studies of congenital cardiovascular 


malformations. The preceding ones, published in German, were: 


1. Roentgen Ray Findings, Wiener Arch. f. inn. Med. 15:487, 1928. 
2. Etiology, ibid. 15:495, 1928. 

3. Pulmonary Stenosis, ibid. 15:507, 1928. 

4. Coarctation of the Aorta, ibid. 1§:521, 1928. 

5. Capillary Studies (with Dr. Redisch), ibid. 16:463, 1929. 
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6. Heart Dilatation in Congenital Arteriovenous Communication, Klin, 
Wehnschr. 8:1621, 1929. 

7. Isolated Dextrocardia (monograph), Wien. Arch. f. inn. Med. 19:505, 1930 

8. Interatrial Septal Defect with Mitral Stenosis (with Dr. Dressler), Ztschr 
f, klin. Med. 112:421, 1930. 

9. Electrocardiographic Studies (with Dr. Kiss), Wien. Arch. f. inn. Med 
21:271, 1931. 

10. Studies in Heredity (with Dr. Medvei), Ztschr. f. klin. Med. 119:527, 1932 
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The experiments presented in this paper are a continuation of obser- 
vations bearing the same title and published at an earlier date in the 
ArcHIVES.' It has been shown in previous studies? that diphtheria 
toxin produces a toxemia in rabbits which lessens the animals’ ability 
to remove dextrose from the blood as judged by the dextrose tolerance 
test. In animals poisoned with diphtheria toxin, after several days of 
toxemia, the blood sugar two hours after the administration of 5 Gm. 
of dextrose was found to range as high as 400 and 500 mg. per hundred 
cubic centimeters. Small uniform doses of insulin were then adminis- 
tered, and it was originally thought that a constant and uniform effect 
of the insulin could be noted as the toxemia increased. In our earlier 
study,’ daily increased doses of insulin were injected twenty minutes 
prior to the administration by stomach tube of a constant quantity of 
5 Gm. of dextrose. Prior to the last series of experiments, it was 
thought that the effect of the toxemia in question was largely that of a 
suppression of endogenous insulin. It was found, however, that the 
toxic rabbits tolerated doses of insulin as large as 12 and 14 units 
injected twenty minutes before 5 Gm. of dextrose was given. The 


tolerance curves remained practically normal in all of the toxic animals 


that received these doses of insulin best. Since it required such large 
doses of insulin to maintain normal curves following these relatively 


1. Sweeney, J. S.; Barshop, N., and LoBello, L. C.: Effect of Toxemia on 
Tolerance for Dextrose and on the Action of Insulin: I, Arch. Int. Med. 53:689 
(May) 1934. 

2. Sweeney, J. S., and Lackey, R. W.: The Effect of Toxemia on Tolerance 
for Dextrose, Arch. Int. Med. 41:257 (Feb.) 1928. Sweeney, J. S.: Effect of 
Toxemia on Tolerance for Dextrose and on the Action of Insulin, ibid. 41:420 
(March) 1928. 
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small amounts of dextrose, we were compelled to conclude that th: 
toxemia in some way interfered with the function of insulin whethe: 
it was endogenous or exogenous in origin. 

In order to lend confirmation to this explanation of the effect of this 
type of toxemia on the tolerance for dextrose and the action of insulin, 


TaBLe 1.—Results of Daily Tests of the Tolerance for Dextrose of Rabbit 


Blood Sugar, Mg. per 100 Ce. 


After Dextros 


Observation, Insulin, Dextrose, co on 
Hours Units Gm. Fasting 30 Minutes 60 Minutes 120 

0 108 154 

24 2 5 98 105 

48 4 j 118 182 

72 } 5 100 105 

96 ‘ } 100 105 

120 25 3 10: 111 

144 2 3 5 168 221 


* This animal received no toxin, but was given daily increased quantities of insulin ar 
dextrose in a ratio of 1 unit of insulin to 2.5 Gm. of dextrose. 


250 


200 


150 








Fasting 30 Min. 60 Min. 120 Min. 
Chart 1—Daily curves showing the tolerance for dextrose of rabbit A. No 
toxin was given to this animal (table 1). Daily increased quantities of insulin 


and dextrose were given in a ratio of 1 unit of insulin to 2.5 Gm. of dextrose. 


the following experiments were undertaken: Rabbits were intoxicated 
with 0.0025 cc. of diphtheria toxin (minimal lethal dose, 0.02 cc.), 
which was found to be an optimal dose, i. e., one that killed the rabbits 
within from five to seven days. Dextrose tolerance tests were made on 


the animals daily. Instead of giving a constant dose of dextrose, how- 
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frasLteE 2.—Results of Daily Tests of the Tolerance for Dextrose of Rabbit 7 * 


Blood Sugar, Mg. per 100 C« 


After Dextrose 


Starvation, Toxemia, Dextrose, i 
Hours Hours Gm. ng ) 60 Minutes 120 Minutes 


24 : 105 182 9 14 
48 D 5 107 | By. 206 206 


mo 


* This animal was given a subcutaneous injection of 0.0075 ce. of diphtheria toxin (minimal 


lethal dose, 0.03 ce Five grams of dextrose was given daily. 











Fasting 50 Min. 60 Min. 120 Min. 
Chart 2.—Daily curves showing the tolerance for dextrose of rabbit 7. Toxin 
was not given. The numbers at the end of each curve indicate the day of starva- 


tion. Five grams of dextrose was given each day. 
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ever, we gave increasing doses each day. Insulin was given subcutane 
ously twenty minutes before each test in the doses used in the previous|\ 
mentioned experiments, namely, daily 2 unit increments, and dextrose 
was given in quantities that are theoretically cared for by this quantit, 
of insulin, i. e., a ratio of 1 unit for each 2.5 Gm. of dextrose. 


TABLE 3.—Results of Daily Tests of the Tolerance for Dextrose of Rabbit 








Blood Sugar, Mg. per 100 Ce. 
— EE = 
After Dextrose 


A 


Toxemia, Insulin, Dextrose, _ , - 
Hours Units Gm. Fasting 30 Minutes 60 Minutes 120 Minute 


0 5 83 143 165 109 
24 ‘ f 87 138 125 
48 f 89 125 85 
72 ‘ 100 111 95 
96 . i 84 129 129 
120 5) 133 120 
144 y f 140 132 


* This animal was given 0.005 ce. of diphtheria toxin (minimal lethal dose, 0.2 « 
Increased doses of insulin were injected each day twenty minutes before 5 Gm. of dextros: 
was given. 


200 


150 


50 








0 
Fasting SO Min. 60 Min. 120 Min. 
Chart 3.—Daily curves showing the tolerance for dextrose of rabbit G. The 
animal received 0.005 cc. of diphtheria toxin. Daily increased doses of insulin were 
injected twenty minutes before 5 Gm. of dextrose was given (table 3). 


In table 1 and chart 1 are the figures and curves, respectively, for 
the control rabbit. This animal received no toxin but was given dex- 
trose in quantities of from 5 to 30 Gm. and insulin in doses of from 
2 to 12 units. It will be noted that all of the curves are practically 
normal, with the exception of one on the seventh day, which had a 
marked rise but fell within two hours to a level of 89 mg. per hundred 
cubic centimeters. For the purpose of comparison, tables 2 and 3 and 
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‘BLE 4.—Results of est f the Tolerance for Dextrose of Rabbit B* 


Blood Sugar, Mg. per 100 C« 


After Dextros 
‘Toxemia, Insulin, 


Hours Units m i inute 60 Minutes 120 Minutes 


0 
9 
4 


* This animal was given a subcutaneot njection of 0.0025 ce. of diphtheria toxin (n 
thal dose, 0.02 ce.). Daily increase juantities of insulin and dextrose were given 


of 1 unit of insulin to 2.5 Gm. of de 


400 


5650 


300 


250 











Fasting 30 Min. 60 Min. 120 Min. 


Chart 4.—Daily curves showing the tolerance for dextrose of rabbit B. Daily 
increased quantities of insulin and dextrose were given in a ratio of 1 unit of 
insulin to 2.5 Gm. of dextrose 
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TAB 


LE 5.—Kesults of Daily Tests of the Tolerance for Dextrose of Rabbit 


Blood Sugar, Mg. per 100 Ce 


After Dextrose 
Toxemia, Insulin, Dextrose, A 
Hours Units Gm. Fasting 30 Minutes 60 Minutes 120 Minut 
0 5 7 121 
98 125 


167 


117 


250 
348 


Dead 





This animal was given a subcutaneous injection of 0.0025 cc. of diphtheria toxin (minin 
lethal dose, 0.02 cc.). Daily increased quantities of insulin and dextrose were given in a ratio 
f 1 unit of insulin to 2.5 Gm. of dextrose. 








Fasting SO Min 60 Min 120 Min. 


Chart 5.—Daily curves showing the tolerance for dextrose of rabbit C. 
increased quantities of insulin and dextrose were given 
insulin to 2.5 Gm. of dextrose. 


in a ratio of 
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harts 2 and 3 are reproduced from the previous studies. In table 2 


nd chart 2 are the figures for a toxic animal that received only 5 Gm. 


f dextrose daily during the period of toxemia but received no insulin. 
\BLE 6.—Results of Daily Tests of the Tolerance for Dextrose of Rabbit D* 


slood Sugar, Mg. per 100 C¢ 


After Dextrose 
loxemia, Insulin, Dextrose, A = 
Hours Units Gm. I ng ) Minutes 60 Minutes 120 Minutes 
0 5 5 l 
24 2 3 1 
48 ‘ 


60 





* This animal was given a subcutaneous injection of 0.0025 cc. of diphtheria toxin (minima! 
ethal dose, 0.02 cc.). Daily increased quantities of insulin and dextrose were given in a ratio 
of 1 unit of insulin to 2.5 Gm. of dextrose. 








Fasting SO Min. 60 Min. 120 Min. 


Chart 6.—Daily curves showing the tolerance for dextrose of rabbit D. 


Daily 
ncreased quantities of insulin and dextrose were given in a ratio of 1 unit of 
insulin to 2.5 Gm. of dextrose. 
In table 3 and chart 3 are the figures for a toxic animal that received 
daily 2 unit increments of insulin injected twenty minutes before a 
constant quantity of 5 Gm. of dextrose was given. 

In tables 4, 5 and 6 and charts 4, 5 and 6 are the figures for three 


toxic animals that received daily increased doses of insulin and dextrose. 
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As the toxemia increased, the tolerance curves became more and mo: 
abnormal. In contrast to the results obtained in the nontoxic rabbits. 
the theoretical dose of insulin necessary to dispose of the increasing 


quantities of dextrose was inadequate in the toxic rabbits. 


CONCLUSION 

These findings definitely confirm the conclusions reached in our 
previous experiments. What the mechanism is whereby the action of 
exogenous insulin is inhibited by the toxemia in question is not cleat 
It may be a neutralization phenomenon, or the toxemia may inhibit 
glycogenesis or oxidation. Further studies are in progress from which 
it is hoped a more specific explanation may be offered. From these 
observations, it at least seems conclusive that the effect of this type of 


toxemia is not just that of a suppression of endogenous insulin, as pre 
viously thought. Its effect seems clearly that of an interference with 


the function or action of insulin, whether the insulin is of endogenous 
or exogenous origin. 


Medical Arts Building. 





SIGNIFICANCE OF THE INORGANIC SULPHATE 
CLEARANCE IN RENAL DISEASE 
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It is not the intention here to add another somewhat complicated 
procedure to the already rather formidable list of tests of renal function. 
However, on the basis of the work of Wakefield, Power and Keith,’ 
confirmed by Hayman and Johnston,’ showing that the concentration of 
inorganic sulphate in the blood is often elevated before the urea, the 
sulphate clearance should show a change before the urea clearance and 
should give still earlier evidence of impaired renal function. Here, of 
course, is met the question of renal physiology. How is inorganic 
sulphate eliminated by the kidney? In what way does its excretion 
differ from that of urea or creatinine? Certain valuable and useful 
laws governing the excretion of urea, leading to the urea clearance test, 
have been established without knowledge of the exact histologic mecha- 


nism by which it takes place, and the same may be true for sulphate. 


One of the difficulties of working in the metabolism of sulphur has 
been that of finding a satisfactory method for making determinations. 
Survey of the methods which various investigators have used will not 
be included here. Power and Wakefield * recently perfected the volu- 
metric method, which is now being used as a routine at the Mayo Clinic, 
and this method was used in all of the determinations of serum and 
urine reported in this paper. 

The work presented here consists of a series of simultaneous urea 
and sulphate clearances determined for normal subjects and for patients 


* Fellow in medicine, the Mayo Clinic. 

The work was done under the direction of N. M. Keith, Division of Medicine, 
the Mayo Clinic. 

Read before the American Society for Clinical Investigation, Washington, 
D. C., May 8, 1933. 

This article is the abstract of a thesis submitted to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfilment of the requirements for 
the degree of Master of Science in Medicine. 

1. Wakefield, E. G.; Power, M. H., and Keith, N. M.: Inorganic Sulphates 
in the Serum in Early Renal Insufficiency, Significance of Determinations, J. A. 
M. A. 97:913 (Sept. 26) 1931. 

2. Hayman, J. M. Jr., and Johnston, Sara M.: The Excretion of Inorganic 
Sulphate, J. Clin. Investigation 11:607 (May) 1932. 

3. Power, M. H., and Wakefield, E. G.: A Method for the Determination of 
Inorganic Sulphate in Blood Serum, Proc. Staff Meet., Mayo Clin. 6:401 (July 8) 
1931, 
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with definite or suspected renal disease. The normal subjects were all 
male except one and were members of the permanent staff of the Mayo 
Clinic and the Mayo Foundation or of the fellowship staff of the Mayo 
Foundation. All of the patients were in the hospital service of Dr. N. 
M. Keith.t The conditions of the test were as nearly standard as 
possible. All of the normal subjects had the diet to which they were 
accustomed, and no attempt was made to calculate the various con- 
stituents. The patients had various so-called nephritic diets of which 
the content of protein and the caloric value were known. Most of the 
experiments were done in the morning, following breakfast, at which 
coffee was eliminated because Addis and Drury ® showed that coffe: 
affected the clearance of urea. A few experiments were carried out 
after the noonday lunch. No particular attempt was made to regulate 
the intake of fluid, although the aim was that the range of volume of 
urine passed by normal subjects should be wide. All of the normal 
subjects were at rest, as were most of the patients, or were engaged 
in the usual professional work around the clinic; so there was no marked 
physical activity in any instance. 

The bladder was emptied as soon after the meal as was convenient, 
and one hour after the emptying of the bladder a specimen of urine 
was collected, care being taken to save all of the urine. The volume 
was measured, and determinations of sulphate and urea were made on 
the specimen. Blood was drawn from the median basilic vein about 
ten minutes before the end of the hour, and the same determinations 
were made, serum being used for the estimation of sulphate and whole 
blood for the estimation of urea. In a number of instances the deter- 
mination was made for two consecutive hours. Determinations of urea 
were made by Marshall’s method as modified by Van Slyke and Cullen.* 
All of the work on serum sulphate was done in the same laboratory as 
that in which the original work of Wakefield, Power and Keith! was 
done. Most of the estimations of urine sulphate were made in duplicate, 
and if the difference was more than could be explained by experimental 
error, the results were discarded and the test repeated. All of the 
values for sulphate in this report are expressed as SO,; expressed as 5, 
the value would be one third as much. 

In four normal subjects during the experiment, the creatinine ratio 
(the concentration of creatinine in the urine divided by the concentra- 
tion of creatinine in the blood) and the creatinine clearance were 


4. Keith, N. M.: Personal communication to the author. 

5. Addis, T., and Drury, D. R.: The Rate of Urea Excretion: VII. The 
Effect of Various Other Factors than Blood Urea Concentration on the Rate of 
Urea Excretion, J. Biol. Chem. 55:629 (April) 1923. 

6. Van Slyke, D. D., and Cullen, G. E.: A Permanent Preparation of Urease, 
and Its Use in the Determination of Urea, J. Biol. Chem. 19:211, 1914. 
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estimated when the values for urea and sulphate were determined. Thi 
conditions were essentially the same, except that, in the work with 


creatinine, 5 Gm. of creatinine was taken by mouth at 7 a. m. The 


bladder was emptied at 8 a. m., and after one hour a specimen of urine 
was collected. Blood was drawn, and the determinations of creatinine 
were made with the determinations of urea and sulphate. The method 
of Folin* was used for the estimation of creatinine in the urine, and 
a similar method, described by the same author,* for the creatinine in 
the blood. Again, in some cases the test was run for two consecutive 
hours. 

In addition, in one normal subject the effect of diet on the excretion 
of sulphate was determined. The subject voided at 8 a. m., and the 
urine was collected at 10 a. m., 12 noon, 3, 6, 9 and 11 p. m. and again 
at 8 a. m., and the sulphate in each specimen was measured. This was 
done on two different days, with a diet of approximately 2,500 calories, 
containing 75 Gm. of protein. The same procedure was carried out on 
two occasions while the subject was on a starvation regimen. In the 
latter case, no food was taken for thirty-six hours, and specimens of 
urine were collected at the same times as those mentioned at the 
beginning of the paragraph. The first collection, that at 10 a. m., was 
sixteen hours after the beginning of the fast. On one day, under each 
of the conditions described, determinations of serum sulphate were made 
at varying periods. 

EXPERIMENTAL RESULTS 

The excretion of sulphate over a period of twenty-four hours, under 
conditions of normal diet and of fasting, will be given first to emphasize 
the importance of regulating this factor whenever work is being done 
in this field (table 1). On the first day, only one specimen was taken 
between 8 and 12 a. m., which explains the duplication of figures in the 
first two columns. It was seen that when the subject was taking 
the usual amount of food, the rate of excretion was lowest during the 
morning hours and then gradually rose, reaching a peak on both days 
between 6 and 9 p. m., with the excretion at night relatively low. When 
food was not taken, on the other hand, the rate of excretion was fairly 
constant during the day, with some increase at night, and at all times 
was much lower than when the subject was receiving a full diet. The 
total output of inorganic sulphate (SO,) on the two days when the 
intake of food was normal was 2.205 Gm. and 2.331 Gm., respectively : 


on the days when food was not ingested, 1.092 and 1.062 Gm. Kahn 


7. Folin, Otto: On the Determination of Creatinine and Creatine in the 
Urine, J. Biol. Chem. 17:469, 1914. 

8. Folin, Otto: Laboratory Manual of Biological Chemistry, ed. 3, New York, 
D. Appleton and Company, 1922, p. 245. 
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and Goodridge ® found 2.35 Gm. of inorganic sulphate (expressed as 
SO,) in a twenty-four hour specimen of urine of a human being and 
wrote that the output at varying times of the day, “varies with personal 
idiosyncrasy, various conditions of life, and the time of taking the chief 
meal.” In his study of a professional faster, Benedict '® found the 
excretion in twenty-four hours to be 0.46 Gm. of total sulphur on the 
first day of the fast, and it remained at almost this level—O.50 Gm. 
on the fifteenth day and 0.52 Gm. on the thirtieth day. He quoted two 
other authors, also working with professional fasters, who gave 0.62 
and 0.614 Gm. of total sulphur, respectively, as the output in twenty- 
four hours on the first day of fasting. He did not state what portion 
of the total sulphur was present as inorganic sulphate. Osterberg and 
Wolf *’ divided the day’s output of urine into two twelve hour speci- 
mens, one collected while the subject was at rest and one while he was 


TasL_eE 1.—The Effect of Diet on the Average Excretion of Inorganic Sulphate in 
the Urine of a Normal Subject * 


Time 


ia 
§ to 10 A.M. 12 M. to to 9 to 11 P.M. to 
10 A.M. to 12 M. 3 P.M. 6 P.M. 9 P.M. 11 P.M. 8 A.M 


Diet Mg. per Hour 


Normal... i 55.0 117.4 
Normal.. re 75.8 } 112.5 
Fasting.... 49.0 $7.5 34.8 42.5 


Fasting sat 36.6 1.2 


* This is subject 2 of table 2 


moderately active; they found that the output was larger when the 
subject was moderately active than when he was at rest. 

The values for serum sulphate varied much less. When the intake of 
food was normal, the range of four determinations was only from 
4.8 mg. in each 100 cc. of serum to 5.33 mg. in each 100 cc., with the 
highest value for serum sulphate corresponding to the period of greatest 
elimination of inorganic sulphates. On the day of fasting, three values 
for serum sulphate were 4.1, 4.6 and 4.7 mg. in each 100 cc. It 1s 
obvious, therefore, that clearance values taken at corresponding periods 
of the day under the two conditions or at different periods of the day 
when the patient is receiving a normal diet may vary widely. 

In table 2 are given the concentrations of sulphate and urea in the 
blood and the urine, the sulphate and urea ratios (the concentration in 


9. Kahn, Max, and Goodridge, F. G.: Sulfur Metabolism, Philadelphia, Lea 
& Febiger, 1926, p. 136. 

10. Benedict, F. G.: A Study of Prolonged Fasting, Washington, D. C., 
Carnegie Institution, 1915, publ. 203, p. 277. 

11. Osterberg, E., and Wolf, C. G. L.: Day and Night Urines, J. Biol. Chem. 
3:165, 1907. 
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the urine divided by the concentration in the blood) and the sulphate 
All of the sulphate 


in which U repre- 


and urea “clearances” in a group of normal subjects. 
P p TT 

clearances were determined by the formula — X v 

sents the concentration in the urine, S the concentration of sulphate in 


the serum and v the volume of urine per minute. The formula gives, 


TaBLe 2.—Concentration Ratios and Clearance of Sulphate and Urea in Normal 


Subjects 


Clearance 


Serum Urine 
Sul Sul Blood Urine Sulphat Urea 
Urine, phate, phate, Sul Urea, Urea, if 
Sub Ce. per Mg. per Mg. per phate Mg. per Mg. pe Urea 
ject Minute 100Ce. 100Ce. Ratio 100Ce. 100 Ce, Ratio §S 
1 0.25 5 0 
2 *) 
2 Ooo i 
1) 


0 


10.17 
11.83 


ee me Oo be A bo 


ie i am 0S 


This is explained in the text. 


in theory, the actual number of cubic centimeters of blood cleared of 
sulphate in one minute. The same result would be obtained by determin- 
ing the number of milligrams of sulphate eliminated in the urine in one 
minute and dividing this by the amount contained in 1 cc. of serum; one 
would thus find the volume of blood which would contain the amount 
of sulphate eliminated in this period of time. Nothing, therefore, is 
taken for granted in using this formula, for it represents the simplest 


possible ratio if these three factors are to be taken into consideration. 


Moreover, since the concentration of sulphate in the serum of a normal 
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person varies within narrow limits, and since, as will be shown later, 
the output is to a large measure independent of the volume of urine, 
there was no indication that the formula should be modified. In the 
first column of figures, recording urea clearance, the same method was 
used to obtain the results; B represents the concentration of urea in 


the blood. In the second column, the formula +: < v was used for 


cases in which the volume of urine was less than 2 cc. each minute. 

These results are evidence, first, that the sulphate ratio is lower than 
that of the urea, although in one or two instances the ratios closely 
approached each other, and in an occasional case, not shown in table 2, 
the sulphate ratio was higher. The range for sulphate is from 3 to 65, 
and that for urea from 7 to 117. Second, the results indicate that there 
is a greater uniformity of sulphate clearance than of urea clearance. 
This is not so much in evidence if only the extreme instances are con- 
sidered, for the sulphate clearance ranges from 14 to 74, and the urea 
clearance from 29 to 168, if a similar formula is used. When the for- 
mula ir X vis used for a volume of urine of less than 2 cc. per minute, 
the urea clearance varies from 42 to 87. However, a larger number of 
values for sulphate than for urea fall within the average. This factor 
will be illustrated again in tables 3 and 4. Third, the results constitute 
evidence that the sulphate clearance is relatively unaffected by the 
volume of urine, although the latter exerts a slight influence, as will 
be shown later. The impression to be gained is that the excretion of 
sulphate must differ from that of the urea, because the volume of urine 
in the former case plays a less important part, and in measuring sulphate 
clearance, for all practical purposes, no “augmentation limit’’ need be 
considered. 

In most respects the results were similar to those of Hayman and 
Johnston * and Cope,'* who found with few exceptions that the concen- 
tration ratio of sulphate was lower than that of urea. Hayman and 
Johnston, however, had somewhat less uniformity in their figures for 
the sulphate ratio and concluded that the laws of excretion of sulphate 
are similar to those for excretion of urea as given by Moller, McIntosh 
and Van Slyke,’* so far as the volume of urine is concerned, and that 
the augmentation limit is at about the same level, namely, between 1 and 
2 cc. for one minute. Cope’s figures for sulphate clearance, on the 
other hand, are even more constant than those given here and correspond 
closely to them. He, too, found that the volume of urine has little 
effect on the result. 


12. Cope, C. L.: Inorganic Sulphate Excretion by the Human Kidney, J. 
Physiol. 76:329 (Nov.) 1932. 

13. Moller, Eggert; McIntosh, J. F., and Van Slyke, D. D.: Studies on Urea 
Excretion: II. Relationship Between Urine Volume and Rate of Urea Excretion 
by Normal Adults, J. Clin. Investigation 6:427 (Dec.) 1928. 
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In attempting to determine from table 2 a normal value for sulphate 
clearance, it was found that twenty-six of thirty-eight determinations 
(68 per cent) lay between 25 and 40, with six falling on either side of 
this range. Only two were below 20. One of these was 19, and this 
subject had two other values, 39 and 35, respectively. The other was 
14, and the volume of urine, when this was obtained, was only 0.25 cc. 


each minute; with a larger urinary output, the clearance of this person 


was 30. It may be deduced from these results that low volumes of 
urine affect the output of inorganic sulphate, and in order to obtain 
normal clearance the volume should be 0.5 cc. or more each minute. 
From these figures it seems justifiable to take 20 as the lower limit of 
normal if the output of urine equals, or exceeds, the minimal amount. 
It seems conservative to take 20 as the lower limit, since 34 1s found 


TABLE 3.—Comparison of Sulphate, Urea and Creatinine Clearances; Normal 
Subjects 


Sulphate Creatinine 
U J U 


Ss 


* Subjects 8, 3 and 2 are represented also in table 2. 


to be the average of all of the normal values in this series, and since 
Cope also reported an average in normal subjects which is close to this 
figure. In two groups his average was 35.6 and 35.3, respectively, 
whereas in eleven determinations made on the same subject the average 
clearance was 32.1. 

Table 3 gives a comparison of sulphate, urea and creatinine clear- 
ance, determined simultaneously on normal subjects. The two series of 
values recorded for the first three subjects represent tests made during 
two consecutive hours, whereas the results representing subject 2 were 
obtained on four different occasions. These figures confirm the observa- 
tions of Hayman and Johnston? and Cope** that the clearance of 
sulphate, or in other words, the concentration of sulphate by the kidney, 
is less than that of the urea in most instances, and that both of these 
substances are concentrated to a much smaller degree than is creatinine. 
They also indicate again that the sulphate clearance tends to be more 
constant than that of either the urea or the creatinine. This is best 
illustrated in subject 2, whose range for sulphate clearance is only 
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from 24 to 30, for urea from 40 to 70 and for creatinine from 178 
to 356. 

In table 4 are given the hourly output in milligrams of inorganic 
sulphate and the clearance values for sulphate and urea as obtained for 
one normal subject on fifteen different occasions, with varying degrees 
of diuresis. This indicates that the volume of urine may play some 
part in the excretion of sulphate, in that the lowest output was obtained 
with the lowest volume and the greatest output with the maximal volume. 
However, it is seen that for outputs of urine of from 0.5 to 6 cc. each 
minute, little effect is apparent, and it is only at the extremes that this 
factor assumes any importance. Table + again indicates that the con 
stancy of sulphate is greater than that of the corresponding urea 
clearances. 

TABLE 4.—Hourly Output of Sulphate, Sulphate Clearance and Urea Clearance 


with Varying Degrees of Diuresis: One Normal Subject * 


Output of Sulphate, 
Urine per Minute, Ce. Mg. per Hour 


oF 


ite 


8 
75 
72 
73 
7 
79 





* This is subject 2 of table 2. 


Table 5 gives data similar to those given in table 2, but the persons 
represented in table 5 had real or suspected renal disease. In only one 
case was the disease advanced. Again, except in two cases, the urea 
ratio exceeded that of the sulphate. One of the patients gave little 
evidence of renal injury; the other patient was in the terminal stages 
of uremia. In general, there seems to be a tendency for these ratios 
to approach each other as renal function becomes more seriously 
impaired. This is in accord with the observations of Cuthbertson and. 
Tompsett,'* who stated: “Relative to nitrogen, inorganic sulphate is 
retained in proportionally greater amount in minor degrees of retention 
than in more severe types, where relative to nitrogen it is less 
prominent.” 

14. Cuthbertson, D. P., and Tompsett, S. L.: Preliminary Note on the 


Inorganic Sulphate Content of the Blood with a Method for Its Determination, 
Biochem. J. 25:1237 (July-Aug.) 1931. 
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In table 6 is given a summary of the renal status of a group of patients 
with definite or suspected disease of the kidney, including data on most 
of those listed in table 5. The results of the tests commonly employed 
at the Mayo Clinic and the sulphate clearance in each case are given. 
\s has been stated, 20 cc. each minute has been taken as the lower limit 
of normal for the sulphate clearance. For serum sulphate, anything more 
than 5.5 mg. for each 100 cc. of serum is considered to be abnormal, 


TasLe 5.—Sulphate and Urea Ratios and Clearance of Sulphate and Urea; Patients 
with Some Evidence of Renal Disease 


Clearance 


Serum Urine 
Sul Sul Blood — Urine Urea 
Urine, phate, phate, Sul Urea, Urea, 
Sub Ce. per Mg. per Mg. per phate Mg. per Mg. per Urea ] V 
ject Minute 100 Ce. 100Ce. Ratio 100Ce. 100 Ce. Ratio : 3 


14 0.42 4.5 207 45 3) 1,055 
l 0.42 195 7 ii 
lf 0.42 9.2 87 
17 0.48 5 15: 
18 0.47 . 173 
14 0.5 , 24 
19 05 54 
2 0.6 5.6 168 

0.6 mt 140 

0.67 4.6 91 

0.7 

0.7 

0.7 

0.73 


and for urea anything more than 40 mg. for each 100 ce. of blood. 
The lowest value considered normal for “standard” urea clearance (when 
the volume of urine is less than 2 cc. each minute) is 40 ce., and for 
the “maximum” urea clearance 60 cc. each minute. Excretion of phenol- 
sulphonphthalein by a normal subject for two hours after intravenous 
administration should be 50 per cent or more. Only in the cases 
indicated in the table was a concentration test performed. In other 
instances in which the specific gravity is given in the column in which 
the results of the concentration test are recorded the specific gravity 
recorded represents the highest figure that was obtained on routine 
examination of the urine; it is given in every case in which it was 
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1.025 or more, for it is evident in such cases that there could be no 
definite impairment of the concentrating ability. The result of the 
dilution test is given in each case in which it was performed. The 
normal subject should be able to produce urine of a specific gravity of 
1.003 under the conditions of the test, but a number of factors may 
influence the result, and consequently a slightly higher figure is given 
consideration only in the presence of other evidence of impaired renal 
function. 

The sulphate clearance in the first twenty-three cases recorded in table 
6 was 20 or more and consequently within the accepted limits of normal. 
In twelve of the twenty-three cases all of the other tests were normal 
as well, whereas in eleven cases the results of one or more of the other 
tests were somewhat abnormal. In six of the latter group of eleven 
cases the value for serum sulphate was more than 5.5 mg. in each 100 cc. 
In cases 31, 41 and 44, this was the only evidence, so far as functional 
tests are concerned, of any impaired renal function, whereas in cases 43 
and 47 the elevated value for serum sulphate was accompanied by a 
slightly reduced excretion of phenolsulphonphthalein. In case 49 there 
was unquestionable evidence of advanced renal insufficiency. In five 
of the eleven cases the urea clearance was low, and in cases 46 and 50 
all of the other tests were within normal limits, whereas in cases 14 
and 35, there was also some reduction in the output of phenolsulphon- 
phthalein. Again, in case 49, the urea clearance was definitely lowered. 
The excretion of phenolsulphonphthalein was below 50 per cent in six 
instances, but in only one case (case 27) was this the only test in which 
the results were abnormal. In cases 14, 35, 43 and 47, there was also a 
change in the value for serum sulphate or that for urea clearance, and 
in case 49 all of the results were abnormal. 

The finding of a normal sulphate clearance in the presence of an 
elevated value for serum sulphate such as that obtained in the six cases 
mentioned, in which the elevation was not due to an added ingestion 
on injection of sulphate, brings up a problem which is of importance and 
which deserves further study. Keith* recorded a number of cases in 
which this was true for urea. Theoretically, the clearance should always 
be diminished under these circumstances, except perhaps during the 
stage of recovery from a condition which had brought about a period 
of elevation of the value for serum sulphate, during which this level 
was returning to normal. From the results obtained in the six cases 
mentioned, it must be admitted that the clearance of a substance is not 


always an infallible index as to its retention in, or elimination from, the 


organism. 

Of the remaining thirty-five cases in which the sulphate clearance 
was less than 20, there were seven in which all of the other tests (except 
the dilution test) gave normal values. These were cases 18, 21, 28, 56, 
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59, 63 and 66. In four of these it is seen that the specific gravity of the 
urine after the dilution test did not reach 1.003. In two of the seven 
cases, the concentrating ability was not satisfactorily shown, for con- 
centration tests were not made, and the highest specific gravity found 
on routine examination of the urine was 1.022 in both cases. This 


is sufficient to show, however, that there could have been little, if any, 


impairment in this respect. In the remaining five cases, the concentrat- 
ing power was entirely satisfactory. That the kidneys in these cases 
were definitely affected is indicated by the fact that all of the subjects 
had albuminuria, graded from 1 to 4; that erythrocytes were present in 
the urine in five of the seven cases, and that casts were found in four 
cases. The diagnosis was “diffuse arterial disease with hypertension” 
in four of the seven cases, and “chronic glomerular nephritis,” in the 
remaining three cases, in two of which there was a “nephrotic” element. 
The most definite reduction of sulphate clearance was seen in the latter 
group, composed of cases 21, 28 and 66, in all of which there was a high 
grade of albuminuria with some edema. This appears to be in keeping 
with the work of Grabfield,’® who found that the excretion of sulphur by 
patients with nephrosis was reduced, whereas the output of nitrogen was 
normal. He attributed this not to any inability of the kidney to eliminate 
sulphur but to some defect in the intermediary metabolism of sulphur. 


ss 


Among patients with “Bright’s disease” but no edema, on the other 
hand, he '* found a negative sulphur balance. No true experiments on 
sulphur balance have been carried out in this study or in the previous 
work dealing with serum sulphate, but so far as the inorganic sulphate is 
concerned, it apparently is retained in the presence of renal injury, 
regardless of the type of injury. 

The retention of sulphate and its slower return to normal in the 
serum and in the clearance value are illustrated in table 7. In the case 
on which this table is based acute renal insufficiency developed, which, 
however, responded readily to treatment. Table 7 discloses that the 
value for the blood urea returned to normal before the value for 
the serum sulphate, and that the urea clearance was normal before the 
sulphate clearance, the sulphate clearance showing evidence of impaired 
function longer than any of the other tests, although it, too, was normal 
at the last determination. Only one such case, perhaps, has little 
significance, but it is entirely in keeping with the seven cases considered 
earlier in the paper. 

15. Grabfield, G. P.: Studies on the Nitrogen and Sulfur Metabolism in 
“Bright’s Disease:” I. The Retention of Nitrogen and Sulphur in “Nephrosis,” J. 
Clin. Investigation 9:311 (Oct.) 1931. 

16. Grabfield, G. P.: Studies on the Nitrogen and Sulfur Metabolism in 
“Bright’s Disease:” II. Observations on Nitrogen and Sulphur Excretion in 
Patients Without Renal Edema, J. Clin. Investigation 10:309 (June) 1931. 
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Therefore, of the fifty-eight patients listed in table 6, who wer 
admitted to the hospital because of general clinical evidence or urinar 
changes which suggested renal disease, there were seven (approximatel, 
12 per cent) whose only evidence of renal insufficiency, as far as 
functional tests were concerned, was reduced sulphate clearance. Ther: 
were nine additional cases (cases 17, 52, 55, 57, 60, 62, 65, 67 and 68) 
in which the sulphate clearance was below normal; it was accompanied 
by an abnormal figure for only one other test, which in six of the nine 
cases was the urea clearance test. Of the total series of fifty-eight 
cases, there were forty-six in which one or more of the functional tests 
gave evidence of impaired renal function. The sulphate clearance was 
abnormal in 76 per cent of these forty-six cases, the urea clearance in 
61 per cent, the value for serum sulphate in 52 per cent, the excretior 
of phenolsulphonphthalein in 39 per cent and the value for blood urea in 


20 per cent. 


TABLE 7.—Functional Tests During the Period of Recovery from Acute Renal 
Insufficiency 


June 8 June 14 
BIOOG GPOR; TAS. DEE 200 GBs occas cssasvoewecs 98 40* 
Serum sulphate, mg. per 100 cc Ne 9.4 
Urea clearancet . heap ened ‘ i4 (m) 
Sulphate clearance ................ Wie aioe 10 16 


6.0 


21 (s) 


* Normal. 
+ Maximum clearance is indicated by (m), and standard clearance by (s) 


COMMENT 

Since the work of Rehberg,"’ creatinine has been widely accepted 
as the “no threshold” substance par excellence, in spite of Rehberg’s 
statement that the work was based on nothing more than a hypothesis 
as to the manner in which creatinine is eliminated by the kidneys. Many 
investigators have used it as a basis of comparison by which to determine 
the method of excretion of other metabolites. If a substance such as 
urea, for instance, is of lower ratio than the creatinine, it is taken as 
evidence of reabsorption of urea in the tubules. However, the present 
figures give evidence of a constancy of output of inorganic sulphate 
which resembles that of creatinine as found by other workers. And this 
study, as well as those of Hayman and Johnston * and of Cope,'? shows 
that under normal conditions the creatinine ratio is always much higher 
than that of the sulphate. The constancy of the output, in spite of 
considerable variation in the volume of the urine, seems to testify 


17. Rehberg, P. B.: Studies on Kidney Function: I. The Rate of Filtration 
and Reabsorption in the Human Kidney, Biochem. J. 20:447 (May-June) 1926. 
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against a tubular reabsorption of sulphate. But if the excretion is by 
the same mechanism as that of creatinine, ratios should be the same. 
Is this an argument in favor of the theory of a tubular secretion of 
creatinine? Cope suggested such a secretion as a distinct possibility, 
whereas Hayman and Johnston expressed the belief that the differences 
in ratio are best explained on the basis of a tubular reabsorption of 
sulphate. In this connection, the work of Shannon, Jolliffe and Smith ** 
is of interest; they have compared the excretion of creatinine with that 
f nonmetabolized sugars. 

From the clinical point of view, further investigations must be made 
before the sulphate clearance can be assigned in its proper place among 
the tests of early renal insufficiency, but the preliminary work suggests 
that this place may be one of importance. The procedure is too involved 
for use as a routine, except in institutions in which full laboratory facili- 
ties are available, and it is not justified even here unless it gives infor- 
mation that is not available from any other source. In the seven cases 
considered there is something definitely abnormal in the rate of excretion 
of sulphate when the other tests show the kidney to be functioning 
normally. That the fault in some of these cases, particularly those in 
which there were nephrotic tendencies, may be outside the kidney is 
a possibility, but the presence of renal injury as a contributing factor 
is difficult to exclude. There can be no doubt that the clearance of 
sulphate is lowered in the presence of definite renal injury, and this 
is true whether or not edema is present. 

The value for sulphate clearance which has been chosen as the lower 
limit of normal is probably too low, in that it is considerably below the 
average obtained in work with normal subjects. The figures which have 
been chosen as a minimum normal for urea clearance represent approxi- 
mately 80 per cent of the average found among normal subjects by 
Moller, McIntosh and Van Slyke,'* whereas 20 for the sulphate clear- 
ance represents only 59 per cent of the normal average as determined 
from table 2 of this report. A clearance of 25 or less should warrant 
further investigation, and if on repeated tests no higher value is obtained, 


the presence of impaired function must be seriously considered. In 


this series, however, in which there was only one reading in many of 
the cases, the low minimal value has been used to avoid inclusion of 
questionable results. 

Emphasis should be given again to the factors which must be con- 
trolled when one is working in this field, particularly the intake of food. 
The actual conditions in this respect are not so important as long as 


18. Shannon, J. A.; Jolliffe, Norman, and Smith, H. W.: The Excretion of 


Urine in the Dog: VI. The Filtration and Secretion of Exogenous Creatinines, 
Am. J. Physiol. 102:534 (Dec.) 1932. 
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they are always the same, and as long as the same conditions are main- 
tained in establishing the normal. The bladder must be carefully 
emptied after the proper interval, and all of the urine must be saved. 
In working with small volumes of urine, a loss of 2 or 3 cc. will intro- 
duce a large percentage of error. The actual laboratory technic must 
be as accurate as in any complicated procedure ; unless this is done, there 
is always the chance for error to appear in an occasional determination. 


SUMMARY AND CONCLUSIONS 

1. When a person is following a regimen of fasting, the excretion 
of inorganic sulphate is fairly constant throughout the day, whereas 
when he is receiving a normal diet there is considerable variation. The 
value for serum sulphate under similar circumstances changes much 
less. 

2. Inorganic sulphate is concentrated less in the urine than is either 
urea or creatinine, and the clearance of sulphate tends to maintain a 
more constant level than that of either of the other two substances. 

3. The sulphate clearance is relatively independent of wide changes 
in the volume of the urine. 

4. With definite renal insufficiency the sulphate clearance is reduced 
in a great majority of instances, although in some cases it is normal 
when other tests indicate impaired function. 

5. The sulphate clearance of six patients was normal in the presence 
of an elevated value for serum sulphate. At present the explanation of 
this is not clear. 


6. In 12 per cent of a series of fifty-eight cases of definite or sus- 


pected renal disease, the sulphate clearance indicated impaired renal 


function when all of the other tests gave figures within normal limits. 





THE CHOLESTEROL AND VITAMIN A CONTENT OF 
THE LIVER IN MAN 


A STUDY OF ONE HUNDRED AND SIX LIVERS OBTAINED AT AUTOPSY 


GULLI LINDH MULLER, M.D. 
AND 
M. M. SUZMAN, M.D.* 


BOSTON 


Few data on the cholesterol content of the liver in man are available. 
In 1913, Grigaut’ found an average of 0.35 Gm. per hundred grams 
of human liver. In the following year, Landau and McNee? recorded 
the cholesterol content of the liver in nine cases as varying from 0.18 to 
0.46 Gm. per hundred grams of fresh liver. Since that time a few 
scattered observations have been reported. The most extensive study 
was made by Fex,* who determined the content of cholesterol in the liver 
in twenty-two cases. He found that the normal range was between 
0.254 and 0.396 Gm. per hundred grams, while in the pathologic liver 
the cholesterol varied from 0.241 to 0.43 Gm. per hundred grams. 

The cholesterol content of the liver in one hundred and six cases in 
which postmortem examinations were made is reported in this paper. 
Incidentally, the same autopsy material was used by one of us (Suzman) 
for vitamin A determinations. As no studies are available correlating 
the vitamin A and the cholesterol content of the liver, it was thought 


of interest to correlate them, especially since Takahashi and Nakamiya * 


had reported that vitamin A belongs to the group of substances classified 


as sterols. Seel*® recently reported that a purified substance containing 

* Medical Research Fellow (1929-1931) of the Rockefeller Foundation, and 
Research Fellow in Medicine of the Massachusetts General Hospital and Harvard 
Medical School. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), Boston City Hospital, the Department of Medicine, Harvard 
Medical School, and the Massachusetts General Hospital. 

1. Grigaut, A.: Le cycle de la cholestérinémie, Paris, G. Steinheil, 1913 

2. Landau, M., and McNee, J. W.: Zur Physiologie des Cholesterinstoff- 
wechsels, Beitr. z. path. Anat. u. z. allg. Path. 58:667, 1914. 

3. Fex, J.: Chemische und morphologische Studien tiber den Cholesterin und 
die Cholesterin Ester in normalen und pathologisch veranderten Organen, Biochem. 
Ztschr. 104:82, 1920. 

4. Takahashi, K., and Nakamiya, J.: Physiological Significance of Biosterin 
(So-Called Vitamin A), Jap. M. World 5:2, 1925. 

5. Seel, H.: Ueber die chemische Natur des antizerophthalmischen Vitamin 
“A,” Arch. f. exper. Path. u. Pharmakol. 159:93, 1931 
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vitamin A gave cholesterol reactions which paralleled the biologic test 
for vitamin A, and that this substance was soluble in the usual solvents 
for sterols. He feels, therefore, that although positive proofs are lack- 
ing, his investigations corroborate those of Takahashi and Nakamiya, 
and that his findings make it probable that vitamin A is an intermediary 
product of the cholesterol metabolism. In a comprehensive review of work 


on the vitamins, Browning ® also decided that the results of prolonged 
investigations into the nature of vitamin A prove that it belongs to the 


sterol class of substances, allied to cholesterol or ergosterol. [urther, 


it has been shown experimentally * that mice suffering from avitaminosis 


A have less cholesterol in the liver than do normal mice. 


MATERIAL AND METHODS 


The material was obtained in a series of one hundred and six autopsies at the 
Massachusetts General Hospital, Boston City Hospital and Beth Israel Hospital. At 
the autopsy varying amounts of hepatic tissue were placed in air-tight jars of known 
weight, each containing 50 cc. of 40 per cent aqueous potassium hydroxide. These 
were then reweighed to ascertain the exact amount of liver in each. On standing, 
saponification of the liver took place; this process was completed by heating the 
jars in a bath of boiling water for fifteen minutes. The content of each jar was 
then measured and diluted with distilled water to a definite volume. The material 
was stored until it was convenient to carry out the estimations. It was ascertained 
that storage did not affect appreciably the amount of cholesterol in the liver. 

The method used for carrying out the determinations of cholesterol in the liver 
has been described by Cornell.8 It proved reliable in our hands. Cornell’s experi- 
ence that ether as the extracting fluid gave little or no interfering coloration was 
verified. All of the determinations were carried out in duplicate and, occasionally, 
triplicate. 

The amount of vitamin A in these livers was determined by one of us 


(Suzman).° 


6. Browning, E.: The Vitamins, Monogr. Pickett-Thomson Research Lab., 
1931, no. 1. 

7. Javillier, M.; Rousseau, S., and Emerique, L.: La composition chimique 
des tissus dans l’avitaminose A: Phosphore, extrait lipoidique, cholésterot, Compt. 
rend. Acad. d sc. 188:580, 1929. 

8. Cornell, B. S.: Accurate Colorimetric Technic for Blood and Tissue 
Cholesterol Estimations, J. Lab. & Clin. Med. 14:251, 1928. 

9. For this purpose portions of liver removed at autopsy were placed in 
50 cc. of a 40 per cent aqueous solution of potassium hydroxide. After saponifica- 
tion, the material was extracted three times with petroleum ether. After being 
washed with water several times until there was no tendency to form an emulsion, 
and after dehydration by means of anhydrous sodium sulphate, the layer of petro- 
leum ether was evaporated to dryness under partial pressure in an atmosphere of 
carbon dioxide. The residue, consisting of the unsaponifiable fraction, was dis- 
solved in a known amount of chloroform and assayed for its vitamin A content 
by the antimony trichloride method of Carr and Price (Biochem. J. 20:497, 1926), 
the Rosenheim-Schuster modification of the Lovibund tintometer being used. The 
results are expressed in blue units per gram of tissue “per centimeter cube,” 
according to the method of Moore (Biochem. J. 23:1267, 1929). 
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RESULTS 

The amount of cholesterol in the livers in the one hundred and six 
ases studied varied from 0.098 to 1.003 Gm. per hundred grams, with 
an average of 0.301 Gm. The actual distribution of the cholesterol values 
is illustrated in the chart. 

The relation of vitamin A to cholesterol is illustrated in table 1 
Discarding the two extreme cases, the coefficient of correlation is 
0.036 + 0.067, a value showing no correlation. The cholesterol curve is 
slightly skewed to the left, while the sample of cases with respect to 
the vitamin A content shows extreme skewness (chart). Forty-seven 
of the one hundred and six cases, or 44.3 per cent, showed vitamin A 

The Quantitative Relation of Cholesterol to Vitamin A in 
One Hundred and Six Cases 


; ‘ 
the Liver in 


Per Cent Vitamin A, 
of Total Units per 


Cholesterol, Mg. per 100 Gm 
Number Gram 0-99 


100-199 200-299 300-899 400-499 500-599 


44.34 0- 99 1 
28.30 100-199 

8.49 200-299 

77 300-399 

400-490 

500-599 

600-699 

700-799 

800-899 

900-999 

1000-1099 

1100-1199 

1200-1299 

1300-1399 

1 oY 1400-1499 
Cases... . eoaews 1 56 26 
Per cent of total number... 0.94 24.52 


* The cholesterol of the liver in one case not recorded in the table 


was 1,003 mg. per hundred 
grams. 
values below 100 blue units per gram of liver tissue, and of these twelve, 
or 11.3 per cent, showed complete absence of vitamin A, while eighty- 
four, or 79.2 per cent, had a cholesterol content of from 200 to 400 mg. 
per hundred grams. Cholesterol was never absent in any liver, which 
indicates that this substance is an integral part of the liver tissue. 

Statistically no significant differences in the cholesterol content of 
the liver between the two sexes could be made out. The average and 
its standard deviation for the sixty males were 290 + 13.3 mg. per 


hundred grams, and for the fifty-six females, 325 + 19.2 per hundred 


grams. The difference and its standard deviation were 35 + 23.4— 
values which cannot be considered significant. 
The age of the one hundred and six patients at death ranged from 


10 months to 81 years. The coefficient of correlation of the age and 
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CHOLESTEROL ------- - 
VITAMIN A 


NUMBER OF CASES { 


ee -- ----@ 
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CHOLESTEROL MG. PER CENT 
VITAMIN A UNITS PER GRAM 








1100-1199 
14400-1499 


The distribution of cholesterol and vitamin A in the liver in one hundred a: 
six cases. Cholesterol is represented by the broken line and vitamin A by tl 
unbroken line. Milligrams per hundred grams of tissue (cholesterol) and units 
per gram (vitamin) are shown below. The grouping of cases is shown at the left 


TABLE 2.—The Amount of Cholesterol in the Liver in Various Diseases 





Cholesterol, Mg. per 100 Gm. 
ee _ A 
Diagnosis ‘ase 0-99 =100-199 200-299 300-399 400-499 500-599 600-699 700-709 


4 
1 


tet et et et BD me OO ke 


Acute infection..... 
vi | errr 
Operative death 
GN sic tocccrccsscces 
Acute anterior poliomyelitis. 
Rul reviabapebaucier ace 
Internal hemorrhage 
Ohronie nephritis............. 


4 


Pulmonary embolism 
Acute and subacute endocar 
ditis 
Sarcoma 
Malignant lymphoma 
Carcinoma 
Hypertension* 
Plasmatocytoma... 
Myelogenous leukemia 
Pernicious anemia 
Lipoid nephrosis.. . 
Thyrotoxicosi 


Aleoholie cirrhosis............ 
* The cholesterol of the liver in one case not recorded in the table was 1,008 mg. per 
hundred grams. 
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he cholesterol content of the liver was 0.140 + 0.066, indicating that 
no significant relation existed between these two factors. 

It is evident that in autopsy material from general hospitals the 
lisease processes are not, as a rule, clearcut and that several conditions 
may be present in the same person. An attempt, however, has been 
made to classify the one hundred and six cases according to the diseases 
considered to be the chief causes of death. The relation of the 
cholesterol in the liver to the disease process is shown in table 2. Unfor- 
tunately, there are too few cases in each division to be significant. 
If one groups them in three main groups (table 3), it is clear that infec- 
tions are associated with a lower cholesterol content than are malignant 
tumors or arterial hypertension, and that malignant tumors are asso- 
ciated with somewhat lower cholesterol values than is hypertensive 


lisease. The hypertensive group is small, but the results are suggestive. 


TaBL_e 3.—Cholesterol in the Liver Related to Three Groups of Disease Proce * 





Number Cholesterol, Mg. per 100 Gm. 
oO — . 


Diagnosis Cases 0-99 100-199 2900-290 300-399 400-499 500-599 600-699 700-799 1000-1099 


and chronic 5 } 37 7 
(70.0) (18.2) 


8 7 q 
(40.0) (35.0) (20.0) 
2 4 1 . 
(22.2) (44.4) (11.1) (11.1) 


number in parenthesis indicates the percentage of the number in each group. 


COMMENT 


It is evident that the cholesterol content of the liver, even in patho- 
logic material, is remarkably constant in comparison with the content 


of vitamin A, indicating that the cholesterol in the liver is probably 


an integral part of the hepatic protoplasm. It mav be assumed, perhaps, 
I ) 


that in the normal liver the cholesterol content varies within an even 
narrower range, while there is suggestive evidence that in healthy man 
the vitamin A in the liver may be absent or low. In seventy-eight cases 
of accidental death Wolff ?° found a range between O and 1,210 blue 
units, and in nine of these cases, less than 50 blue units. This variation 
of vitamin A in the liver of normal man corresponds to the values found 
by Wolff and by us in the livers of patients dying from various disease 
processes. 

In addition to the fact that there seemed to be a tendency toward 
relatively low cholesterol values in the livers of patients who died from 

10. Wolff, L. K.: On the Quantity of Vitamin A Present in the Human Liver, 
Lancet 2:617, 1932. 
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chronic and acute infection and toward high values in patients wit! 
hypertensive disease as the primary cause of death, a few observations 
of interest are herewith recorded. In two conditions, namely, diabetes 
mellitus and pernicious anemia, it has been definitely established that 
there exists a disturbed cholesterol metabolism. In seven cases of 
diabetes mellitus collected from the literature,’? the cholesterol content 
of the liver varied from 0.241 to 0.32 Gm. per hundred grams, figures 
corresponding to the average values reported as normal and agreeing 
with the amount of cholesterol found in the liver in one case of diabetes 
in this series. In two cases of pernicious anemia reported by Fex * thy 
cholesterol content of the liver was 0.397 and 0.423 Gm. per hundred 


grams, corroborating the value found by us in one patient inadequate! 


treated for five days with liver extract. The values found in pernicious 
anemia are somewhat higher than the general average. It is evident, 
therefore, that Hueck’s '* contention as to hypercholesteremia and depos 
its of cholesterol in the tissues, so far as the liver is concerned, is not 
verified with regard to diabetes mellitus. In this connection it may 


1 ] 


be pointed out that Nitzescu and his co-workers '* demonstrated in dogs 
that a normal deposit of cholesterol in the liver and lungs was pre- 
vented if the pancreas was removed. On the other hand, in pernicious 
anemia there seems to be a tendency toward overstorage of cholesterol 
in the liver and pathologic infiltration of the organ by it, although 
the cholesterol content of the blood during the relapse is greatly 
decreased. This has been interpreted by Piney '* as being due to an 
overstimulation of the normal mechanism for the storage of fat. Landau 
and McNee ? pointed out that the liver does not seem to store cholesterol 
in hypercholesteremia but does store it in hypocholesteremia. Whether 
this is universally true can be determined only by further investigation 
of the cholesterol content of tissues in specific diseases; data are not 
now available in sufficient amount to draw definite conclusions. 


SUMMARY 


The cholesterol content of the liver at autopsy in one hundred and 
six cases ranged from 0.098 to 1.003 Gm. per hundred grams, with an 


11. Rewald, B.: Der Cholesteringehalt normaler und pathologischer menschli- 
cher Organe, Biochem. Ztschr. 99:253, 1919. Klemperer, G., and Umber, H.: Zur 
Kenntnis der diabetischen Lipamie, Ztschr. f. klin. Med. 65:340, 1908. Fex.® 

12. Hueck, W.: Referat tiber den Cholesterin Stoffwechsel, Verhandl. d. 
deutsch. path. Gesellsch. 20:18, 1925. 

13. Nitzescu, I. I.; Propescu-Inotesti, C., and Cadariu, I.: L’insuline et la 
cholestérinémie, la cholestérinémie dans le diabéte expérimental, Compt. rend. Soc 
de biol. 90:538, 1924. Nitzescu, I. I., and Cadariu, I.: L’insuline et le méta- 
bolisme de la cholestérine, ibid. 92:296, 1925. 

14. Piney, A. : Recent Advances in Haematology, Philadelphia, P. Blakiston’s 
Son & Co., 1927. 
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average of 0.301 Gm. Statistically no relation could be established 
between the cholesterol and the vitamin A content of the liver or the 
sex or the age of the patient. 

The cholesterol content of the liver tended to be lower than the 
average in patients who died of infections, and highest in those who 
died of arterial hypertensive disease, with those who had malignant 


tumors as a cause of death occupying an intermediary position. 


Dr. J. Lerman, Massachusetts General Hospital, permitted me to use his 


statistical analysis of the data. 








ESSENTIAL FRUCTOSURIA 


REPORT OF THREE CASES WITH METABOLIC STUDIES 


SOLOMON SILVER, M.D.* 
AND 
MIRIAM REINER, M.S. 


NEW YORK 


Fructosuria, otherwise termed “levulosuria,” was recognized soon 
after polarization of urines for the detection of sugar became common. 
In 1840, Biot? first examined urine in the polariscope, but it remained 
for von Gorup-Besanez * to describe in urine a “levorotatory noncrys 
tallizable sugar that behaves like fructose.” The early observers had 
no rapid accurate chemical test for the identification of fructose before 
Selivanoff * introduced the use of concentrated acid and resorcinol for 
the identification of this sugar. Although the specificity of his test has 
been questioned many times, it is still an excellent method for detecting 
even very small quantities of fructose, alone or in the presence of other 
sugars, especially if the precautions outlined by Borchardt * are followed. 

We are able to add three new cases of fructosuria to the twenty- 
seven described in the literature since 1876, when the anomaly was first 
recognized.* The only case of essential fructosuria described in the 


* Lionel and Florentine Scholle Sutro Fellow in Medicine. 

From the medical service of Dr. B. S. Oppenheimer and from the Laboratories 
of the Mount Sinai Hospital. 

1. Biot, M.: Compt. rend. Soc. de biol. 11:1028, 1840. 


2. von Gorup-Besanez: Anleitung zur Zoochemischen Analyse, quoted by 
Seegen: Centralbl. f. d. med. Wissensch. 22:753, 1881. 
3. Selivanoff, T.: Ber. d. deutsch. chem. Gesellsch. 20:181, 1887. 


4. Borchardt, L.: Ztschr. f. physiol. Chem. 55:241, 1908. 

5. (a) Zimmer, K.: Deutsche med. Wchnschr. 2:329, 1876. Czapek: Prag 
med. Wchnschr. 1:265, 1876. (b) Seegen, J.: Centralbl. f. d. med. Wissensch 
22:753, 1884; Kiilz, E.: Ztschr. f. Biol. 27:228, 1890. (c¢) May, R.: Deutsches 
Arch, f. klin. Med. 57:279, 1896. (d) Spath and Weil: Med.-Cor.-Bl. d. wiirttemb 
arztl. Landesver. 72:717, 1902; quoted by Rosin: Beitr. z. wissensch. f. Med. u 
Chem. (Festschr.: E. Salkowski), 1904, p. 105. (e¢) Rosin, H., and Leband, H 
Ztschr. f. klin. Med. 47:182, 1902. (f) Brodersen: Inaug. Dissert., Keil, 
1903. (g) Schwarz, L.: Deutsches Arch. f. klin. Med. 76:231, 1903. (h) 
Lion, A.: Miinchen. med. Wehnschr. 50:1105, 1903. (7) Schlesinger, W.: Arch 
f. exper. Path. u. Pharmakol. 50:272, 1903. (7) Lépine, R., and Boulud: Rev. de 
méd., Paris 24:185, 1904. (k) Neubauer, E.: Miinchen. med. Wchnschr. 52: 1525, 
1905. Note by Jolles, A.: Wien. med. Presse 47:2301, 1905. (/) von Mora- 
czewski, Ztschr. f. klin. Med. 64:503, 1907. (m) Koeningsfeld, H.: ibid. 69:291, 

Footnote continued on next page 
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\merican literature is that which Strouse and Friedman ° reported in 


1912. 


[DENTIFICATION AND QUANTITATIVE DETERMINATION OF FRUCTOSE 
IN THE URINE 

Like other keto-sugars, fructose reduces Fehling’s solution even at 
room temperature, as was emphasized recently by Lasker and Enkle- 
witz." Fructose, like dextrose, is easily fermented by common yeast, 
which differentiates it from ketopentose, the reducing substance passed 
by patients with essential pentosuria. 

The Selivanoff reaction is specific for the keto-sugars and can detect 
them even in the presence of large amounts of dextrose. The urine 
is brought to a boil with an equal volume of 25 per cent hydrochloric 
acid. A few crystals of resorcinol are added, and the urine is boiled 
for only ten seconds. <A heavy red precipitate, soluble in alcohol, indi- 
cates the presence of fructose. 

Fructose can be further differentiated from dextrose by the readiness 
with which it forms an osazone in an acid solution with methylphenyl- 
hydrazine.® 

If fructose is the only sugar present in the urine, the values obtained 
by polarization, reduction and fermentation should coincide. If, how- 
ever, both fructose and dextrose are present, the relative amounts may 
be computed by a comparison of the rotation and reduction values. 

Fructose has a specific rotation of —93.6° + 0.64° & (t° — 20) 
Laborde.® 

In all of our studies, the urinary sugars were quantitatively deter- 
mined by the method of Bertrand '® or Benedict.’' Quantitative fer- 


1909 (three cases). (mn) Adler, O.: Arch. f. d. ges. Physiol. 139:93, 1911 (two 


cases). (0) Strouse, S., and Friedman, J. C.: Arch. Int. Med. 9:99, 1912. (p) 
Barrenscheen, H. K.: Biochem. Ztschr. 127:222, 1922. (q) Steinberg, S., and 
Elberg, W.: Klin. Wehnschr. 4:2399, 1925 (three cases). (7) Snapper, J.: 
van Creveld, S., and Griinbaum, A.: Arch. f. Verdauungskr. 38:1, 1926. (s) 


Heeres, P. A., and Vos, H.: Fructosuria, Arch. Int. Med. 44:47 (July) 1929 
(t) Amnschel, N.: Klin. Wehnschr. 9:1400, 1930. (uu) Fischer: Jahrb. f. 
Kinderh. 131:341, 1931. (wv) Steinitz, F.: Deutsches Arch. f. klin. Med. 171: 
401, 1931. 


( 


Strouse, S., and Friedman, J. C.: Levulosuria, with a Report of an Unusual 
Case, Arch. Int. Med. 9:99 (Jan.) 1912. 

7. Lasker, M., and Enklewitz, M.: J. Biol. Chem. 101:289, 1933. 

8. Neuberg, C.: Ztschr. f. physiol Chem. 36:227, 1902 

9. Laborde: Ann. fals. 6:650, 1913 

10. Bertrand G., and Thomas, P.: Practical Biological Chemistry, London, 
Bell and Sons, 1920. 

11. Benedict, S. R.: The Detection and Estimation of Glucose in the Urine, 
J. A. M. A. 87:1193 (Oct. 7) 1911. 
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mentations were carried out in the van Iterson-Kluyver apparatus 
at room temperature for twenty-four hours. Blood sugars were deter 
mined in venous blood by the method of Folin and occasionally in capil 
lary blood by the Hagedorn-Jensen procedure. Blood fructose was 
estimated by the method of van Creveld.'* 

The identification of fructose should never be undertaken on an 
alkaline urine, because there is a possible conversion of dextrose into 
fructose in alkaline solutions."* 

Levorotation may be due to substances other than fructose; for 
example, hydroxybutyric acid, conjugated glycuronic acids and some 
amino-acids. 

To establish primary fructosuria unequivocally, the following criteria 
must be met by an acid urine: 

1. Reducing sugar must be present and active at room temperature. 
2. The urine must ferment with ordinary yeast. 3. The urine must 
be levorotatory, and the levorotation must disappear after fermentation. 
4. The Selivanoff reaction, with the proper precautions, must be positive 
5. The methyl-phenyl osazone should be isolated and its chemical and 
physical constants determined. The quantitative values for 1, 2 and 3 
should agree. 

REPORT OF CASES 

Case 1.—The patient was an American boy, aged 22 years, of Italian parentage 
His previous history was essentially negative, except that he had never been 
particularly robust. There was one maternal uncle who was said to have had 


diabetes mellitus. One year before the patient’s entrance into the Mount Sinai 


Hospital he had been rejected for life insurance on the ground that he had 


glycosuria. At no time was there polyuria, polydipsia, polyphagia, loss of weight 





or any other symptoms associated with diabetes mellitus in young people. He 
entered the hospital because of severe pain in the lower part of the abdomen of 
several days’ duration without fever or vomiting. A complete laboratory and 
physical examination failed to reveal any organic cause for the abdominal con 
plaint. The results of physical examination were essentially negative, except that 
the patient was slightly undernourished and of rather nervous temperament. T! 
blood pressure was 114 systolic and 66 diastolic. 

Laboratory Examination.—The hemoglobin was 95 per cent; the red blood cell 
count was 4,600,000, and the white cell count, 8,800; the polymorphonuclears were 
57 per cent, the lymphocytes 40 per cent, and the monocytes 3 per cent. T! 
smear was normal. The Wassermann test of the blood was negative. The blood 
showed 265 mg. of cholesterol per hundred cubic centimeters, of which 100 mg 
was esterified. The blood also showed 85, 100 and 90 mg. of sugar per hundred 
cubic centimeters. The urine was normal and contained only normal quantities 


12. van Iterson, G., and Kluyver, A. J., quoted by van der Haar, A. W. 
Anleitung zum Nachweis der Monosaccharide, Berlin, Borntraeger, 1920. 

13. van Creveld, S.: Klin. Wcehnschr. 6:697, 1927. 

14. Lobry de Bruyn, C. A.: Rec. d. trav. Chim., Pays-Bas 14:156, 1895; als 
Ber. d. deutsch. chem. Gesellsch. 28:3078, 1895. 
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urobilin. Roentgen examination of the gastro-intestinal tract and the urinary 
ract revealed no abnormalities. 

Case 2.—During the investigation of the family of the patient in case 1 it was 
liscovered that the 12 year old brother had fructose in the urine. So far as we 

uld learn, he showed no clinical evidence of disease. The criteria for the diag- 

sis of fructosuria were met in every respect. 

CasE 3.—A girl, aged 17 years, entered the hospital for the relief of severe, 
recurrent angioneurotic edema. Her father and paternal uncle were said to have 
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Chart 1—The curves of total reducing substance, fructose and dextrose in the 
blood after oral administration of 50 Gm. of fructose: 4, in a normal patient, and 
in a diabetic patient. In all of the charts, the upper curve represents the total 
reducing substance; the lower curve, dextrose, and the shaded portion, the amount 


f fructose present. 


‘sugar in the urine but no diabetes.” In her own previous history there was little 


significance. Two years prior to admission she was advised of the presence of 


ugar in the urine. Careful diet and the use of insulin have been of no avail in 
attempts to control the glycosuria. For six months she had had severe attacks of 
sudden swellings of various parts of the body, with itching and malaise. Attempts 


find an allergic basis for the symptoms failed. 
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Physical examination revealed a well nourished, normally developed girl of 17 
years. Except for areas of angioneurotic edema involving the fingers, nothing 
significance was noted. During her stay in the hospital there was involvement 
the skin of the face, eyelids, feet, tongue and labia majora by the edema. 

Treatment by restriction of the diet and administration of ergotamine, cal 
ephedrine and thyroid extract was absolutely without effect on the frequency 
the severity of the attacks. Epinephrine gave some relief. 

The laboratory findings were: hemoglobin, 70 per cent; leukocyte 
12,000; polymorphonuclears, 52 per cent; lymphocytes, 43 per cent; eosinophils 
1 per cent; monocytes, 2 per cent, and myelocytes, 1 per cent. Except for tl 
presence of fructose, the urine was normal. The Wassermann reaction of 
blood was negative. The blood sugar during fasting averaged 75 mg. per hundred 
cubic centimeters. The van den Bergh reaction and the icteric index were norma! 
No dye was retained after bromsulphalein was administered intravenously. 71 
dextrose tolerance curve was normal. 

The basal metabolic rate was minus 20 per cent. The patient was given thyroi 
extract by mouth, and after several weeks the basal metabolic rate rose to pl 
18 per cent. After fructose was administered by mouth, the urinary fructose r 
to 5 per cent. Further studies in this case are reported later in this paper. 

We were able to examine the urine of the patient’s father and could estah! 
unequivocally that the reducing substance present was not fructose but pent 
We wish to note the possible significance of this familial incidence of ketosuria 


EXPERIMENTAL RESULTS 

The observations were made in case 1 unless otherwise indicated. 
Identification of the Reducing Substance.—The early morning speci 
mens taken at least twelve hours after the previous meal were ofte: 
fructose-free. At other times, on the usual diet of the ward, the sugat 
varied between 0.2 and 1.5 per cent. That the entire reducing substance: 
was fructose can be seen from these comparative studies of a typical 


specimen of urine. 


Fructose by reduction (Bertrand) 
Fructose by fermentation 


Fructose by polarization 


If any dextrose or pentose had been present, the levorotation would 
have been lower, and the presence of pentose would also have resulted 
in lower fermentation than reduction values. The methyl-phenyl osazon 
was prepared from the patient’s urine and compared with one fron 
pure fructose. The crystals were identical, melting at 154 C., and th 
melting point was unaltered by mixing. 

Effect of the Withdrawal of Fructose—The variations in the con- 
centrations of fructose when the patient was given the diet of the ward 
indicated that the source of the urinary sugar was alimentary. When the 


patient was placed on a diet completely free from fructose, the fructosuria 


disappeared and was absent as long as this diet was maintained. 
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Dextrose Tolerance.—The patient reacted normally on ingestion of 
lextrose, of which he was given 0.66 Gm. per kilogram of body weight 
in 500 cc. of water after a fourteen hour fast. The urine remained 
sugar-free. 

Galactose Tolerance.—Forty grams of galactose was administered in 
500 cc. of water fourteen hours after the last meal. No reducing sub- 
stances were found in the urine. 


Total Sugar in the Blood of a Fructosuric Patient Following Ingestion 
of Dextrose 


Mg per 100 Ce. of Blood 
Time February 6, 1933 February 10, 19: 
During fasting ‘ ‘ Teauniendeeadae a rer 85 sO 
| hour after ingestion of dextrose... eT ter tee 100 11 
hours after ingestion of dextrose . J wan 0e0 ‘ 85 95 
hours after ingestion of dextrose...............20cceeuee 80) 86 


4 hours after ingestion of dextrose... J Soca nic wasucoed 75 74 


TABLE 2.—l’rinary Excretion of Inagested 


Percentage of Fructos 
Excreted in 24 Hours 
Fructose Ingested, (Average of at Least 
Two Experiments 
Traces 
16 
1! 
12 
14 
14 


TABLE 3.—Urinary Excretion of Intravenously Injected Fructose 


Fructose Fructose 
Injected, Excreted, Percentage Duration of 
Gm. Excreted Fructosuria 


Control......... . 5 0.65 4. 15 minutes 
Fructosurie patient..  icmcceateretecé D 2.01 13.4 2 hours 


Quantitative Excretion of Fructose —During all of our studies, the 
patient was kept on a fructose-free diet and the urine was always sugar- 
free except when he was fed known amounts of fructose. The sugar 
was always given early in the morning after a fast of from twelve to 
fourteen hours. The greatest excretion took place in the first two hours 
and was practically complete in six hours. The administration of only 
1 Gm. of fructose caused the urine to give a faint reduction and a 
definite Selivanoff reaction. The urinary excretion of fructose when 


it was fed in amounts of from 5 to 100 Gm. may be seen in table 2. 

Fifteen grams of fructose in a 30 per cent solution was injected 
intravenously into a normal control and into the patient. The urinary 
excretion of fructose is given in table 3. 
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Effect of Other Carbohydrates on Excretion of Fructose —Th 
simultaneous administration of another carbohydrate caused a definit 
increase in the amount of fructose excreted. The tests showed fructos: 
but no other sugar in the urine. 

Effect of Fructose on the Total Sugar and on the Fructose in t] 
Blood of a Normal Control, a Diabetic Patient and a Patient with Essen 


Tas_eE 4.—Urinary Excretion of Fructose After Simultaneous Administration 
Another Carbohydrate 

Percentage of Tota 

Carbohydrates Ingested Fructose Excreted 
12 
21 
21 
19 


DO Gwe, BOD os 6 ccd ccnsectcseveses 
50 Gm. fructose + 50 Gm. dextrose.... 
i) Gm. fructose + 40 Gm. galactose.. 
95 Gm. sucrose 


TABLE 5.—Effect of Ingestion of 50 Gm. of Fructose in a Fructosuric Patient 
a Diabetic Patient and a Normal Control 


Control Diabetie Patient Fructosuric Patient 
ere A ~~ “~ ~~ Aw 
Total Frue- Dex Total Frue- Dex- Total Frue Dex 
Time After Ingestion of Sugar tose trose Sugar tose trose Sugar tose = trose 
Fructose Mg per 100 Ce. Mg. per 100 Ce. Mg. per 100 Cx 
of Blood of Blood of Blood 
0 97 100 0 100 90 0 
8 310 8 302 110 45 
SS 410 4 406 115 55 
400 0 400 95 20 


During fastin sales 
SSR ere nee 
12 

» 


TABLE 6.—Effect of Epinephrine on the Total Sugar in the Blood of a Fructosw 
Patient 


Total Sugar, 


Time After Administra 
Mg. per 100 Ce 


tion of Epinephrine 
y 


0 minutes.......... s ; - ; 8 

5 minutes....... eye ita 82 

I Awake seat sess ennd che genkcaeys pekice we Py Soe ee 85 
30 minutes.. dn ¥ae oan a cares aay 110 
1 hour aaa ee ; : 147 

a ae ive ; 147 

110 


tial Fructosuria—Fifty grams of fructose in 500 cc. of water was fed 
to a normal control, a patient with diabetes mellitus and a fructosuric 
patient (case 1) after a fourteen hour fast. Table 5 and chart 1 show 
the comparative values in the three instances. The normal patient passed 
no sugar; the diabetic patient passed only dextrose, and the fructosuric 
patient passed the usual fraction of the total fructose.’ 

Effect of Subcutaneous Administration of Epinephrine on the Total 
Sugar and on Fructose in the Blood and on Fructose Tolerance.—The 
effect of epinephrine alone is shown in table 6. 


14a. Dobriner, K.: Die alimentare Fructosamie, Thesis, Munich, 1933. 
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The effect of epinephrine on the fructose tolerance when 50 Gm. of 
fructose was fed in the usual manner and 1 mg. of epinephrine was 
simultaneously given subcutaneously is shown in table 7. The total 
fructose excreted was 15.4 per cent. 

Epinephrine alone produced no glycosuria. The excretion of fruc- 
tose from 50 Gm. of fructose was unaltered by the administration of 
1 mg. of epinephrine. The fructose level in the blood did not differ 
essentially from that when fructose was fed without epinephrine. 

Effect of Subcutaneous Administration of Insulin on Fructose Toler- 
ance.—Thirty units of insulin was administered subcutaneously at the 
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Chart 2.—-The curves of total reducing substance, fructose and dextrose in the 


blood after oral administration of 50 Gm. of fructose in a fructosuric patient. 


same time that 50 Gm. of fructose was féd orally. The total fructose 
passed in the urine was diminished by the simultaneous administration 
of rather large amounts of insulin. The patient passed 14.6 per cent 
of the ingested dose with 20 units of insulin and 6.2 per cent with 30 
units of insulin. 

Effect of Oral Administration of Sorbitol in a Normal Control, a 
Diabetic Patient and a Fructosuric Patient—Fifty grams of d-sorbitol 
was dissolved in 500 cc. of water and administered orally after a fourteen 
hour fast. The results are given in table 8. The urine of the normal 
control remained sugar-free. The urine of the diabetic patient contained 
6.9 Gm. of dextrose but no fructose, while the urine of the fructosuric 
patient contained 3:2 Gm. of fructose and no dextrose. 
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Ingestion of Inulin.—The patient was fed 50 Gm. portions of inuli: 
suspended in water and flavored with saccharin and vanillin. Ther 
was no rise in the blood sugar, and no fructose appeared in the blood 
or the urine. Intestinal fermentation was indicated by large amounts 
of gas in the intestine and slight diarrhea. 


J - ds 


Results of Studies in Cases 2 and 3.—The patient in case 2 y 
not available for hospital study, and we could obtain specimens of th: 
urine only after the ingestion of fructose. The diagnosis of fructosuria 


was certain, since all of the criteria outlined earlier were met. 


TABLE 7.—Effect of Epinephrine on Fructose Tolerance in a Fructosuric Paties 


Total Sugar, Fructose, Dextrose, 

Time After Mg. per Mg. per Mg. per 

Administration of 100 Ce. of 100 Ce. of 100 Ce. of 
Epinephrine Blood Blood Blood 


During fasting. ; 100 0 100 
1 hour ; 165 40) 125 
2 POUrs....... $e banat 7 135 4 81 
3 hours.... : hd Cea lane bers 105 0 7 


TABLE 8.—Effect of Administration of 50 Gm. of d-Sorbitol in a Diabetic Patie: 


a Fructosuric Patient and a Normal Control 


Control Diabetic Patient Fructosurie Patient 
“ = , : 


Total Frue Dex Total Frue Dex Total Frue Dex 
Time After Adminis Sugar tose trose Sugar. tose trose Sugar tose — tross 
tration of Drug Mg. per 100 Ce. Mg. per 100 Ce. Mg. per 100 C« 
ot Blood of Blood of Blood 
During fasting oe 110 0 110 180 0 180 0 0 
1 hour. ‘ erry 108 4 104 230 4 226 99 30 


2 hours..... ae vaaniee 97 1 93 260 0 260 
3 hours...... ee 95 0 9 250 0 250 10 


The patient in case 3 passed 10.1 per cent of fructose in the urine 
on one occasion, and on another 9.1 per cent after 50 Gm. of fructose 
was given orally. After the basal metabolic rate had been raised by 
thyroid therapy, she excreted 8.4 per cent of the ingested 50 Gm., which 
is within the range of error of this type of experimentation. When 
30 units of insulin was given with the 50 Gm. of fructose, the excretion 
dropped to 5.8 Gm. She excreted 2.45 Gm. of fructose after 50 Gm 
of sorbitol was given orally. The fructose excretion rose to 15.2 per 
cent when 50 Gm. of dextrose was fed simultaneously with 50 Gm. of 
fructose, and 16.8 per cent when 95 Gm. of sucrose was fed. 


COMMENT 

Essential alimentary fructosuria is a specific, probably inborn, error 
of metabolism, characterized by the inability of the organism to utilize 
fructose normally and manifested clinically by a symptomless excretion 
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of fructose. Fructose is passed in the urine only if fructose or sub- 
tances capable of yielding it on digestion are ingested. All of the 
educing substances disappear from the urine if these foods are removed 
irom the diet. The usual sources of fructose are cane sugar, honey 
and fruit. This disorder is not inconsistent with longevity (Steinitz’ 


patient °Y was 87 years old), and there is no reason to believe that it 


is a precursor of a diabetic state, although in some of the reported cases 
there was a family history of diabetes mellitus. Transition from fruc- 
tosuria to glycosuria has never been observed. 

The tolerance and metabolism of all of the other known carbohy- 
drates are normal in this condition. Dextrose, taken orally by the patient 
whom we studied, gave only the expected rise in blood sugar and caused 
no glycosuria, and the hyperglycemia reached the fasting level by the 
fourth hour. Galactose was tolerated in a normal dose of 40 Gm. 

The addition of as little as 1 Gm. of fructose to the patient’s diet 
gave rise to fructosuria—a tolerance near the vanishing point, although 
we can scarcely speak of a tolerance in the true Hofmeister sense ; 1. e., 
the amount expressed in grams of a carbohydrate that can be ingested 
without its appearance in the urine. Tolerance, in its usual sense, implies 
that the tolerated amount is utilized, and that all beyond this is excreted. 
The patient excreted a constant proportion of the ingested dose irre- 
spective of the total amount taken (table 2). This phenomenon, for 
which no acceptable explanation is forthcoming, was first noted by 
Schlesinger '* in 1903 and has been found in all of the reported cases 
of essential fructosuria in which appropriate studies were made. The 
route of the administration of fructose is apparently of no importance. 
\fter oral and intravenous administration the same percentage of sugar 
is excreted. 

The simultaneous administration of another carbohydrate such as 
dextrose or galactose increases the excretion of fructose. The burden 
placed on the carbohydrate-burning mechanism by the second sugar is 
perhaps enough to make the inability to utilize fructose more marked. 

Further insight into the nature of this rare anomaly is afforded by 
studies of the fructose and the dextrose in the blood. The administration 
of 50 Gm. of fructose by mouth (table 5) caused practically no rise 
in the blood sugar of a normal person, so rapidly was it fixed in the 
liver as glycogen. When administered to the fructosuric patient, how- 
ever, this dose caused a marked and sustained elevation of the blood 
sugar and fructosuria. Even more striking differences were manifest 
when the blood sugar curves were resolved into their components ; 
namely, fructose and dextrose. It is assumed that the nondextrose- 
reducing substances remained constant, just as in the normal and pen- 


15. Schlesinger, W.: Arch. f. exper. Path. u. Pharmakol. 50:272, 1903. 
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16 


tosuric children studied by Fischer and Reiner,'® as the nondextros: 
reducing substances showed no change after the administration oi 
dextrose. 

The normal person and the diabetic patient tolerated fructose so 
well that the level of this sugar in the blood rarely went above 10 mg. 
per hundred cubic centimeters, a concentration below the renal threshold 
for fructose. The fructosuric patient could not handle the absorbed 
fructose normally. It accumulated in his blood, reaching a level of from 
40 to 60 mg. and passed into the urine. 

It is apparent that in fructosuria there exists a deficiency in th 
mechanism that normally removes excessive fructose from the blood 
stream. This function was localized in the liver by Sachs,’* a pupil 
of Strauss, who in 1899 showed that hepatectomized frogs lost thei: 
ability to metabolize fructose. Later workers confirmed these findings 
for mammals in dogs with Eck fistula and in hepatectomized dogs." 
Essential fructosuria, therefore, has been looked on as representing 
a specific hepatic deficiency. It is clear from the clinical state of our 
patient and the results of the laboratory examinations that no hepatic 
disease exists in the usual sense of the term. 

Another noteworthy point is the replacement of dextrose in the 
peripheral blood by another carbohydrate. It will be seen in chart 2 
that the total blood sugar does not rise as high as would be expected if 
the level of the blood fructose were added to the original fasting level of 
the blood dextrose. Instead, the blood dextrose falls as the fructos: 
rises, and thus tends to mask the full effect of the fructosemia. The 
replacement of dextrose in the blood by another carbohydrate has been 
noted previously. Sobotka and Reiner found that in the absorption of 
dextrose-galactose mixtures from the intestine of the rabbit the dextrose 
in the blood was replaced by galactose.'® Fischer and Reiner observed 
that in the administration of xylose to both pentosuric and normal chil 
dren the pentose, although apparently nonutilizable, replaced the dextrose 
in some of the normal controls as well as in some of the pentosuric 
patients.*® This phenomenon is particularly clear in chart 4, in which it 
is shown how, under the action of insulin, dextrose practically disap 
peared from the blood of the fructosuric patient while fructose remained 
at 60 mg., seemingly high enough to prevent the symptoms of 
hypoglycemia. 








16. Fischer, A. E., and Reiner, M.: Pentosuria in Children, Am. J. Dis. Child 
40:1193 (Dec.) 1930. 

17. Sachs, H.: Ztschr. f. klin. Med. 28:87, 1899. 

18. Mann, F. C.: Medicine 6:442, 1927. Jacobson, C.: Am. J. Physiol. 52: 
233, 1920. 

19. Sobotka, H., and Reiner, M.: Proc. Soc. Exper. Biol. & Med. 27:576 
1930. 
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blood after oral administration of 50 Gm. of fructose and subcutaneous administra- 
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3.—The curve of total reducing substance, fructose and dextrose in the 


tion of 1 mg. of epinephrine. 


Hines Useteal Ce.|. 
S & ea 
| | | 


2 


7 












































ey 














+. 











* 


. 


Chart 4—The curve of total reducing substance, fructose and dextrose in the 


blood after oral administration of 50 Gm. of fructose and subcutaneous administra- 


tion of 30 units of insulin. 
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Epinephrine injected in a dose of 1 mg. subcutaneously gave onl, 
the average hyperglycemic response and resulted in no glycosuria. Whe: 
epinephrine and fructose were administered simultaneously, the blood 
sugar curve rose to a level indicating a summation—the hyperglycemia 
due to epinephrine and the rise due to the fructose. The fructose curvy: 
itself was unaltered, and only fructose was passed in the urine in the 
usual amount, 12 per cent of the amount ingested. Thus, epinephrine 
does not interfere with the usual utilization of fructose by the fructo- 
suric patient, and the increased glycogenolysis caused by epinephrin« 
does not alter the fructose tolerance. 

The administration of fructose can prevent the appearance of hypo- 
glycemic symptoms after insulin. It can be seen from chart 4 that this 
protection is not through the elevation of the blood dextrose via hepatic 
glycogen, but through a direct replacement of dextrose by fructose in 
the peripheral blood. With blood dextrose levels approaching zero, our 
patient showed only slight symptoms so long as fructose was circulating 
The curve of the blood fructose after the administration of insulin did 
not differ much from that when insulin was not given. This is not 
surprising, as Minkowski’ before 1880 knew that the processes by 
which fructose is fixed as hepatic glycogen proceed in the complete 
absence of the pancreas. Wierzuchowski *! showed with normal dogs 
that insulin does not affect the degree of fructosuria produced by the 
intravenous injection of fructose. The total excretion of fructose by our 
patient was slightly reduced when 30 units of insulin was given with 
50 Gm. of fructose. 

In 1929, Thannhauser ** introduced 4-sorbitol in the treatment of 
diabetes mellitus, claiming that this white, crystalline, pleasant-tasting 
solid could be utilized more efficiently than dextrose by diabetic patients. 
It has found considerable use abroad. Sorbitol does not reduce the usual 
sugar reagents. Its moderately laxative properties interfere somewhat 
with quantitative studies after oral administration. In our study, when 
sorbitol was given to a normal person, a slight rise in the blood sugar and 
no glycosuria resulted. When it was given to a diabetic patient it caused 
a hyperglycemia and the appearance in the urine of a sugar that could be 
identified as dextrose. In the fructosuric patient, a definite hypergly 
cemia resulted, and the blood fructose level reached 35 mg. per 100 cubic 
centimeters, while the urine contained 3.2 Gm. of fructose, 6.4 per cent 
of the ingested dose and no other sugar. Somewhere in the interme- 
diary metabolism of sorbitol, fructose is formed. Normally, this is 
immediately fixed as hepatic glycogen, and there is no clue as to its 


20. Minkowski, O.: Arch. f. exper. Path. u. Pharmakol 31:167, 1893. 
21. Wierzuchowski, M.: J. Biol. Chem. 68:631, 1926. 
22. Thannhauser, S. J., and Meyer: Miinchen. med. Wcehnschr. 76:356, 1929 
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ever having been present. In our subject we had a person who could 
not metabolize fructose whether it was ingested preformed or was 
formed within his own organism. He had, so to speak, a biologic trap- 
door which allowed the fructose to pass into his urine and so manifest 
its presence. 

It is perhaps significant that only one-half as much fructose was 
excreted by the patient from a dose of sorbitol as from a similar dose 
of fructose. It is possible that in the oxidation of the alcohol to the 
sugar one molecule yields dextrose and one fructose; the urinary fruc- 
tose then represents the usual 12 per cent of the total fructose. This 
utilization of sorbitol via fructose may explain the fact that it is some- 
what better tolerated than similar amounts of dextrose, as we know 
since Bouchardat and Kulz ** that most diabetic patients utilize fructose 
hetter than dextrose. 

Inulin and Jerusalem Artichokes (Helianthus Tuberosus).—Opin- 
ions in the literature diverge widely concerning the availability of inulin 
and Jerusalem artichokes (Helianthus tuberosus) to man. From our 
studies we favor the view that inulin is not digested or absorbed by 
man, and that any destruction of this polyfructoside that occurs results 
from bacterial action in the large bowel. Our in vitro experiments 
confirmed the view that none of the enzymes in the human gastro- 
intestinal tract can hydrolyze inulin to any extent. 

The exact nature of the carbohydrates in artichokes is not known. 
It is certain, however, that in roots which have been stored for some 
time carbohydrates are present which are hydrolyzable by yeast inver- 
tase and vield dextrose and fructose. Inulin itself is unaffected by 


invertase. According to Colin,?* the carbohydrate of Helianthus in 
autumn consists solely of inulin. This is partially converted during 


storage into inulinides, as cynanthrin and helianthin, which are hydro- 
lyzed by yeast and intestinal enzymes and yield fructose and dextrose. 
Thus the administration of stored Jerusalem artichokes is not equivalent 
to the feeding of so much inulin. 

Feeding pure inulin in doses of 100 Gm. to a fructosuric patient 
gave rise to no fructosuria, indicating that none was absorbed, since the 
absorption of as little as 1 Gm. of fructose would have caused its 
appearance in the urine. 

SUM MARY 

Three cases of essential fructosuria are reported, and metabolic 
studies of two are presented. 

This rare anomaly is viewed as a specific, probably inborn, error of 
metabolism localized primarily in the liver, where, we believe, a specific 


23. Bouchardat and Kiilz, quoted by Neuberg in von Noorden, C.: Handbuch 
der Pathologie des Stoffwechsels, Berlin, A. Hirschwald, 1907, vol. 2, p. 212. 
24. Colin: Compt. rend. Soc. de biol. 166:305, 1918. 
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enzymatic deficiency exists resulting in impaired ability to fix fructos 
as glycogen. The metabolism of other carbohydrates is undisturbed 
The relative insignificance of insulin and epinephrine in the metabolism 
of fructose compared with dextrose is pointed out, and the possibk 
intermediary metabolism of sorbitol is discussed. 


Dr. Harry Sobotka contributed valuable and helpful suggestions during thes: 
investigations. 

Dr. B. S. Oppenheimer permitted us to publish case 1, and Dr. George Baehr, 
case 3. 

Dr. H. S. Paine and Dr. E. Yanovsky of the Carbohydrate Division, Bureau 
of Chemistry and Soils, United States Department of Agriculture, supplied th: 
fructose-free inulin used in these experiments. 


NotE.—Since this report was prepared, we have studied three additional cases 
of essential fructosuria, two of which occurred in brothers. This makes a total 
of six cases seen within one year in one institution and indicates that the metabolic 
anomaly is not so infrequent as one is led to expect from a study of the literatur: 
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EFFECT OF THYROXIN AND ANTITHYROID SUB- 
STANCES ON THE SERUM LIPASE 


MAX H. HOFFMANN, M.D. 


ST. PAUL 


Since hyperthyroidism was first recognized, numerous investigators 
have attempted to discover a substance capable of inhibiting the action 
of the thyroid hormone. In the earlier attempts milk, meat and serum of 
thyroidectomized animals was used. Later serum of myxedematous 
persons was tried. None of these substances was capable of withstand- 
ing the critical tests of the laboratory and the clinic. 

Other substances, nonspecific in character, have been reported as 
having a protective action against thyroxin, U.S.P., poisoning. Abelin ’ 
found that certain nutritional mixtures prevented the rise in the 
metabolic rate after injections of thyroxin. Hesse * reported the favor- 
able action of metals, such as copper, arsenic and iron, and the waters 
of wells that contain these metals in prolonging the life of dogs which 
received daily injections of thyroxin. Certain vitamins are said to be 
able to a certain degree to prevent hyperthyroid manifestations. 

Within the last year two new antithyroid substances from animal 
tissue that appear to have a definite protective action against thyroxin 
poisoning have been secured. Anselmino and Hoffmann * extracted a 
fatty substance from the blood which they found was capable of pre- 
venting the rise in the metabolic rate in rats after the injection of 
thyroxin. Balo, Lovas, Bach and Neufeld * found that the pancreas con- 
tained a substance which prevented the fall of serum lipase in a rabbit 
after the injection of thyroxin. They also found that this extract pro- 
longed the life of the rabbit against repeated injections of thyroxin. 

This study was undertaken with the object of verifying the results 
of Bach, Lovas and Neufeld,’ who found that after the injection of 


From the First Medical Department, the Allgemeine Poliklinik, Vienna, 
Austria; Director, Prof. Julius Bauer. 

1. Abelin, I.: Einfluss des Caseins auf den hyperthyroidischen Stoffwechsel, 
Biochem. Ztschr. 228:165, 1930. 

2. Hesse, E.: Die Entgiftung des Schilddrtisenhormons, Klin. Wehnschr. 
12:1060 (July 8) 1933. 

3. Anselmino, K. J., and Hoffmann, E.: Darstellung, Eigenschaften und 
Vorkommen einer antithyroiden Schutzsubstanz aus Blut und Geweben, Klin. 
Wehnschr. 12:99 (Jan. 21) 1933. 

4. Balo, J.; Lovas, L.; Bach, E., and Neufeld, L.: Die antagonistische 


Wirkung eines neuen Pankreasextraktes auf die Thyroxinvergiftung, Arch. f. 
exper. Path. u. Pharmakol. 165:594, 1932. 

5. Bach, E.; Lovas, L., and Neufeld, L.: Die Wirkung des Thyroxins auf 
die Serumlipase, Arch. f. exper. Path. u. Pharmakol. 165:614, 1932. 
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thyroxin the blood serum lipase of a rabbit dropped in a striking mat 
ner. It was also the purpose of this study to determine whether th: 
method was reliable and practical for the study of antithyroid substances 
For this work I had at my disposal the blood extract of Anselmino and 
Hoffmann. In addition, the possible effect of fat and insulin as anti 


thyroid substances was investigated. 


METHOD 


In an investigation of the effect of various hormones on the fat-splitting fe: 
ment, Muthlbock and Kaufmann ® found that thyroxin regularly inhibited the actio: 
of lipase secured from the tissues. However, it had no effect on serum lipas: 
unless the ferment was secured in a purified form. After purification, thyroxin 
had an inhibiting action of slight degree. A number of years ago Bauer? found 
that the activity of the serum lipase in persons with exophthalmic goiter was 
markedly reduced. 


With this in mind, Bach, Lovas and Neufeld injected thyroxin into rabbits ai 


found that the serum lipase value was markedly reduced. The reduction occurred 
within twenty-four hours. The effect was so constant and striking that they 
believed that it offered an improved method for studying thyroid activity. 

The lipase value is determined by the method of Rona and Michaelis,’ which 
utilizes the changes in the surface tension of a tributyrin solution as a measure- 
ment of the activity of the lipase. The split products of the lipolytic activity have 
practically no effect on the surface tension, which is measured by the stalagmometric 
method. With this method lipolytic activity is indicated by a decrease in the 
number of drops delivered by the instrument. The entire reaction is carried out 
in a buffer solution. 

The rate of the lipase activity is expressed by a constant, which is derived from 
the logarithm of the difference of the concentration of tributyrin at the beginning 
and at the end of the experiment, divided by the time in minutes. 


TECHNIC 

A saturated solution of tributyrin is made up shortly before the test by shaking 
a few drops of tributyrin with a buffer solution. The buffer solution contains | 
part of monosodium dihydrogen phosphate in distilled water. This solution must be 
vigorously shaken for ten minutes, and then filtered twice through the same filter 
paper. To 5 cc. of the filtrate is added 0.1 cc. of the serum to be tested. Four 
readings are made at intervals of ten minutes. This gives the percentage of tribu 

6. Mithlbock, O., and Kaufmann, C.: Die Wirkung der Hormone, insbeson 
ders des Thyroxins auf die fettspaltenden Fermente, Biochem. Ztschr. 238:377, 
1930. 


7. Bauer, J.: Ueber das fettspaltende Ferment des Blutserums bei krank- 
haften Zustanden, Wien. klin. Wchnschr. 25:1376, 1912. 
8. Rona P., and Michaelis, L.: Ueber Ester und Fettspaltung im Blut und in 


Serum, Biochem. Ztschr. 31:345, 1911. Bauer.? 
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Chart 1.—The effect of injections of thyroxin on the serum lipase: A, after 





two injections of 0.25 mg.; B, after a single injection of 0.5 mg. The arrows indi- 
cate the points of injection. A is a logarithmic figure representing the speed of 
the lipolytic activity. It is derived from the following formula, in which t repre- 
sents the length of the experiment in minutes: 


K=t' logarithim of percentage of tributyrin solution at the beginning of the experiment 
= logarithim of percentage of tributyrin solution at the end of the experiment 
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Chart 2.—The effect of injections of thyroxin on the serum lipase after anti- 
thyroid substance was administered for seven days. The first six injections were of 
0.25 mg. each, and the subsequent injections of 0.5 mg. each. The arrows indi- 
cate the points of injection. 
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tyrin present at each reading. The constant is then determined by means of tl 
following formula: 
t Lor A 
K=—.— 
1 Log A —x 
in which t equals time in minutes; A, the per cent of tributyrin in solution at tl 
beginning, and x, the percentage at the successive readings. 


THE EFFECT OF THYROXIN ON THE SERUM LIPASE 

Determinations were made on rabbits to show the effect of thyroxi 
on the serum lipase. Chart 1 indicates the marked drop that occurred 
after several injections of 0.25 mg. of thyroxin and one injection of 
0.5 mg. of thyroxin. This effect is marked and occurred in ever) 
case in which the animal was not prepared with a protective substance 
The greatest drop almost always occurs in the first twenty-four hours 
Bach and his co-workers pointed out that if the injections of thyroxin 
are continued, the drop increases until the lipase almost disappears 
Shortly before the death of the animal the lipase value rises. This is 
due to the liberation of an atoxyl-resistant lipase from the pancreas, and 
it probably means a severe injury to the pancreatic tissue. 

The constant of the activity of the lipase varies greatly for different 
rabbits. However, in the same animal the daily variation is not great 
The drop following thyroxin is so marked that it cannot be confused 
with the slighter normal changes. Bach stated the belief that within 
twenty-four hours with this method he could definitely determine the 
efficacy of antithyroid substances against thyroxin. 

In Animals Given Antithyroid Substance.—In this group of experi- 
ments six rabbits were fed with the protective blood extract of Ansel 
mino and Hoffmann. This substance is of lipoid nature, so it was 
dissolved in oil and mixed with oats. The rabbits were fed daily for 
seven days with a small amount of this mixture before thyroxin was 
injected. 

Chart 2 shows the curve after daily injections of 0.25 mg. of thy- 
roxin; this was continued for six days without producing the charac 
teristic drop. Determinations were then made at irregular intervals with 
0.5 mg. of thyroxin without changing the lipase value. At the end 
of thirty-eight days the animals were still resistant to thyroxin, as 
demonstrated by the serum lipase. 

Two more rabbits were prepared in the manner described earlier 
The animals were given daily injections of 0.5 mg. of thyroxin. 
At the end of eleven days the serum lipase took a definite drop, but this 
was not so great as the drop which occurred in rabbits which did not 
receive antithyroid extract. The injections were continued for several 
days, with no further change in the lipase value. 
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All of the rabbits were given the protective extract, and all were 
protected against the initial drop. 
In Animals Fed with Fat.—As the antithyroid substances are of a 


fatty nature and cholesterol has been reported as having an antithyroid 
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Chart 3.—The same as chart 2, except that the animals received 0.5 meg. of 





thyroxin daily. 
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Chart 4.—The effect of injections of thyroxin on the serum lipase in rabbits 


fed 10 cc. of olive oil daily for seven days before they received thyroxin. The 





arrows indicate the points at which 0.5 mg. of thyroxin was injected. 


action,” I determined the effect of feeding olive oil previous to the injec- 
tion of thyroxin. Two rabbits were fed with 10 cc. of olive oil mixed 
with oats daily for ten days. 

9. Saegesser, Max: Die Schutzfunction des Organismus bei Thyreopathie, 
Klin. Wehnschr. 12:672 (April 29) 1933. 
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Chart 5.—The effect of injections of thyroxin on the serum lipase and blood fat 

The dotted line represents the curve for fat (in milligrams). The arrows indicate 
the points at which 0.5 was injected. 
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Chart 6.—The effect of thyroxin on the serum lipase in a rabbit given an inje 


tion of 2 units of insulin daily for seven days before thyroxin was administered. Th: 
arrows indicate the points at which 0.5 mg. of thyroxin was injected. 
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Chart + shows the lipase curve of one of them. The lipase value 
shows little change until the sixth day after the first injection. Five 
injections of 0.5 mg. of thyroxin were given. 

This shows unquestionably that fat has a protective action against 
thyroxin. The protection, however, is not as good as that produced by 
\nselmino and Hoffmann’s blood extract. 

Various reports indicate that in hyperthyroidism there is a definite 
lowering of blood fat and cholesterol, and that after the injection of 
thyroxin in animals the blood fat is reduced. Chart 5 shows the curve 
of the blood fat and lipase after two injections of thyroxin of 0.5 mg. 
each. The method used for determining the fat was that of Rappaport 
and Engelberg.’ In both rabbits the blood fat dropped with the fall 
in the lipase. In one there was a subsequent rise, while the lipase 
continued to fall. 

In Animals Previously Treated with Injections of Insulin — Muhl- 
bock and Kaufmann found that in vitro insulin had no effect on the 
serum lipase. Balo and his co-workers found that their pancreatic 
extract did not produce any action similar to that of insulin. Two rabbits 
were given 2 units of insulin daily for the purpose of causing a storage 
of glycogen in the liver and in that way protecting the liver against 
injury from thyroxin. At the end of seven days 0.5 mg. of thyroxin 
was injected. Chart 6 shows the sudden drop in lipase after the injection 
of thyroxin, which indicates that there was no protective action. 


COMMENT 

The determination of the lipolytic activity of the blood serum of 
rabbits offers an excellent method for the study of thyroid intoxication 
and antithyroid substances. The mechanism of this action is not known. 
It is conceivable that one of two things may occur after the injection of 
thyroxin. Either the lipase producing tissue is injured, in which case 
there would be a diminution in the amount of lipase in the blood serum, 
or the lipase itself is acted on in some manner so as to reduce its 
ability to split fat. Unfortunately, I do not have at my disposal an exact 
quantitative method for determining the amount of lipase in the blood. 

All of my determinations were made on rabbits, as were those of 
Bach, Lovas and Neufeld. The technic is comparatively simple and 
permits the simultaneous investigation of a number of animals. The 
constancy of the normal lipase value and the marked change produced 
by thyroxin prevent errors in interpreting the results. In many respects 


it presents advantages over the older methods that are used in determin- 


ing the activity of thyroxin. 


10. Rappaport, F., and Engelberg, H.: Eine Mikromethode zur Bestimmung 
des Blutfettes, Klin. Wehnschr. 11:2080 (Dec. 10) 1932 
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Although the effect of thyroxin on the lipolytic power of blood serum 
is only one of its many actions, the curve of the ferment’s activity to 
split fat is a good index of what is happening to the animal. When the 
lipase drops almost to zero I know that if injections of thyroxin are 
continued, the animal will not live long. With daily injections of 
0.5 mg. of thyroxin the rabbit dies usually within from six to eight 
days, with the lipase reaching its lowest level in from one to two days 
before death. With the administration of antithyroid substances, the 
activity of the lipase is maintained for a much longer period, but as 
soon as the lipase level drops, other evidences of thyroid intoxication 
appear. 

The thought then arises that perhaps the lipase itself protects the 
animal against thyroxin poisoning. Balo and Lovis found that their 
pancreatic extract in vitro was capable of doubling the lipase activity. 
I used the blood extract of Anselmino and Hoffmann, but was unable 
to find any increase in the lipase action in vitro or in vivo. 

Fat may in some way prevent the toxic effect of thyroxin. Abelin 
was able to show that the loss of glycogen in the liver produced by 
injections of thyroxin could be prevented by the administration of fat 
for some time before the injection. By feeding carbohydrate alone 
he was not able to prevent this loss. [I found that by feeding fat | 
could protect the lipase against thyroid intoxication, but this protection 
was only about half as effective as that produced by the antithyroid 
extracts. 

If it were a question of glycogen in the liver acting to protect the 
lipase against thyroxin, one should get the same results with the injec- 
tion of insulin. I administered insulin to two rabbits for a week before 
injecting thyroxin and found that there was no protective action. 
Anselmino and Hoffmann found that, although their substance pro- 
tected the animal against a rise in metabolism, it did not prevent the 
loss of glycogen from the liver after the injection of thyroxin. There- 
fore fat must be effective in some other way than by preventing the 
loss of glycogen from the liver. 

The question arises whether these two new animal extracts against 


thyroid poisoning are specific. They are composed of an antihormonal 


substance the action of which can be duplicated by vitamins, nutritional 
substances and metals. Balo and his co-workers found that their sub- 
stance was present in large amounts in the pancreas, while Anselmino 
and Hoffmann found their substance in the pancreas in only small 
amounts. It is well known that substances similar in action to the 
so-called follicular hormone have been found in plants, and perhaps 
here, too, one is dealing with nonspecific substances in the form of 
animal extracts. 





HOFFMANN—THYROXIN AND SERUM LIPASE 


SUMMARY 


1. The serum lipase of rabbits was studied after injections of thy- 


roxin. It was found to be markedly reduced, and this action was felt 
to be useful in the study of antithyroid substances. 

2. The blood extract of Anselmino and Hoffmann was found to have 
a definite action in preventing the fall of the serum lipase. 

3. The feeding of olive oil also had a protective action that was only 
50 per cent as effective as the blood extract. 

4. Insulin injected for seven days before the injections of thyroxin 
did not protect the serum lipase. 


5. It was felt that these substances were not specific in their action 





THROMBO-ANGIITIS OBLITERANS 


IX. THE CAUSE OF DEATH 


SAMUEL H. AVERBUCK, M.D.* 
AND 
SAMUEL SILBERT, M.D.** 


NEW YORK 


Kor many years after 1879, when von Winiwarter ' first described 
“a peculiar type of endarteritis, endophlebitis and gangrene of the feet,” 
little attention was paid to this form of peripheral vascular disease. 
Weiss* and von Manteuffel* contributed studies of the pathologic 


process, but it was left for Buerger* to give a detailed account of all 


aspects of the entity from both the clinical and the pathologic standpoint. 
He was the first to point out the thrombotic and inflammatory nature 
of the process, the involvement of veins as well as of arteries and 
the characteristic clinical phenomena. He incorporated all these concepts 
in the name which he gave to the disease, thrombo-angiitis obliterans. 

An extensive literature now exists on many phases of this malady. 
However, little is known concerning the fate and especially the mode 
of death of patients with this condition. Usually only transient phases 
of disease are observed. Fuller understanding comes with the ability to 
observe the extended and completed course of the pathologic processes.° 
Judging from the paucity of published records of fatal cases and post- 
mortem observations, this aspect of the study of thrombo-angiitis 
obliterans has escaped attention. Prognosis is limited to judgments about 
the possibility of reestablishing and compensating for an impaired cir- 
culation and to decisions concerning the ultimate amputation or con- 
servation of the extremities. No thought has been given to the fate 
of the entire organism. Will other organs be involved? This and similar 
questions can be answered only after groups of cases have been followed 

* Adjunct Physician, the Mount Sinai Hospital. 

** Adjunct Surgeon, the Mount Sinai Hospital. 

From the wards and outpatient department of the Mount Sinai Hospital, and 
the wards of the Montefiore Hospital. 

1. von Winiwarter, F.: Arch. f. klin. Chir. 23:202, 1879. 

2. Weiss, E.: Deutsche Ztschr. f. Chir. 40:1, 1895. 

3. von Manteuffel, Z.: Arch. f. klin. Chir. 42:569, 1891. 

4. Buerger, L.: Am. J. M. Sc. 154:319, 1917. 

5. Moschcowitz, E.: A Biologic Concept of Disease, J. A. M. A. 99:714 
(Aug. 27) 1932. 
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to the end. In the light of these considerations, it seems important to 
report the following forty-seven cases of thrombo-angiitis obliterans in 
which there was a fatal outcome. 


SELECTION OF CASES 

Only undoubted cases of thrombo-angiitis obliterans are included 
in the group. The clinical criteria include the presence in men between 
the ages of 20 and 45 of obliterative vascular disease in the extremities. 
The commonly associated symptoms of the disorder, such as coldness, 
change of color with a different position and intermittent claudication, 
were usually present in varying degree. A history of recurring phlebitis, 
of ulcerations of the fingers or toes, with operative or spontaneous loss 
of digits or amputation of the extremities at this age, gave added 
weight to the diagnosis of thrombo-angiitis obliterans. Involvement 
of the upper extremities was considered particularly significant. In 
order to rule out combination forms, we did not include cases of 
peripheral vascular disease associated with diabetes, gout or syphilis. 
These disorders are known to hasten the development of arteriosclerosis. 
Hypertension militated against the inclusion of a case when it was clear 
that an elevated blood pressure had existed previous to the appearance 
of symptoms of arterial obstruction. Cases in which calcified vessels 
could be visualized by x-rays were excluded. Differentiation from arte- 
riosclerotic vascular disease is difficult in patients who first present 
symptoms of impaired circulation between the ages of 45 and 55. 
Therefore, such cases were not considered in this series except in one 
instance in which the history and physical and pathologic examinations 
left no doubt about the diagnosis (case 38). In many instances 


examination of the vessels of an amputated extremity revealed lesions 


interpreted as typical of the disease confirming the clinical diagnosis. 

Fulfilling these clinical diagnostic requirements were forty-seven 
cases, all of which terminated in death. Autopsy was performed in 
nineteen cases. Most of these patients were observed at some stage 
of their illness by one of us cS. So). 

A short clinical history of each case in which autopsy was performed 
with a résumé of the relevant pathologic observations follows. For the 
sake of brevity clinical abstracts of the cases without postmortem 
examination are omitted. Table 1 lists the more important features of 


all the cases in schematic form. 


REPORT OF CASES 
Case 1.—A. H., a Russian Jewish pedler, began to have pain in the left foot on 
walking at the age of 42. Gangrene appeared in the great toe, which sloughed off, 
leaving an ulcer. He smoked many cigarets a day. For three years he received 
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treatment of various sorts with some benefit. He was then seen in the Mount 
Sinai clinic for thrombo-angiitis obliterans. At this time there was an ulcer 
3 by 2 cm. on the stump of the left great toe. No pulsations were present in the 
left foot. The right anterior tibial artery was closed and the right posterior tibial 
irtery open. The circulation in the upper extremities was normal. Under treatment 
the ulcer slowly diminished in size, and pulsation reappeared in the left foot. An 
nfection developed which spread rapidly with severe constitutional symptoms. He 
vas admitted to the Mount Sinai Hospital wards and immediate amputation was 
lone. Pathologic examination of the amputated limb revealed thrombo-angiitis 
bliterans with phlegmonous cellulitis. The postoperative course was stormy, and 


1¢ patient succumbed to general toxemia a few days later. 

Summary.—In a Russian Jew, aged 45, who had thrombo-angiitis obliterans for 
four years and who was improving with treatment, a severe infection developed 
requiring immediate amputation of the lower extremity. He died a few days 
iter operation of general toxemia. 

Relevant Postmortem Observations —There were gangrene and cellulitis of the 
stump and parenchymatous degeneration of the heart, liver and kidneys. No 
thrombosis was found in any major artery in the trunk. 

Case 2.—W. S., an American, aged 45, began to have pain in the calves of the 
legs on walking at the age of 31. Numbness and burning in both feet were pre- 
dominant symptoms for many years. A few months previous to admission to the 
Mount Sinai Hospital he had had phlebitis in the lower extremities. Soon after 
this the patient stubbed his right foot, following which an ulcer appeared on the 
right fourth toe. The fifth toe on the right foot also became discolored and 
swollen. He had been an excessive smoker since the age of 12. Examination 
revealed normal circulation in the upper extremities. Both femoral arteries and all 
the arteries in both lower extremities were closed. A small ulcer was present on 
the plantar surface of the fourth toe on the right foot. The blood pressure was 
118 systolic and 94 diastolic. A roentgenogram of the lower extremities showed 
no calcification of the vessels. He improved with intravenous saline therapy, and 
was transferred to the clinic. He did not appear for a few months, and when 
seen had an extensive ulcer over the right ankle. Later the right lower extremity 
vas amputated at the United States Naval Hospital in Brooklyn. He succumbed 
after this operation. 

Summary.—An American, aged 45, who had smoked for many years, had 
thrombo-angiitis obliterans from the age of 31. He died after an amputation of 
the right lower extremity. 

Relevant Postmortem Observations (United States Naval Hospital, Brooklyn). 

Heart and Great Vessels: “Generally speaking the precordial sac was normal. 
However, over the apical portion of the left ventricle there appeared to be a little 
loose fibrin. The right side of the heart was in a state of extreme dilatation, and 
the muscle of this portion of the heart was markedly deficient in tonus. Incision 
into the respective cardiac chambers revealed the heart generally dilated and the 


muscle, particularly that comprising the left ventricle, to be extensively fibrosed 
focally. At the apical portion in this ventricle was a mural thrombus almost the 
size of a golf ball which was characteristically layered by progressive organization. 


This thrombus had become intimately attached to the underlying endocardium, so 


that a line of cleavage was not discernible and separation of thrombus from car- 
dium could not be effected; in fact, organization had progressed so completely that 


the regressive changes had undergone consummation at frequent points with calcifi- 
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cation. The valves were essentially normal. The coronary arteries were marked), 
sclerosed, but neither thrombosis nor embolism was discernible. The aorta through 
out its course showed extensive areas in which fat was deposited within the intima 
Of more significance, however, were numerous foci in the abdominal portion of 
the aorta where calcification and ulceration had resulted in extreme thrombosis, 
which had become so marked in the right common iliac arterial branch that virtual 
occlusion of the lumen here was effected by well organized clots. Even in this 
thrombosed portion calcification had ensued.” 

Microscopic Examination: In the heart, “there are portrayed with significant 
clarity areas of widespread parenchymatous replacement by scar tissue richly infil 
trated by wandering and plasma cells. Pronounced degeneration of muscle is 
connoted by the presence within the fibers of huge amounts of fat. Brown atrophy 
is very prominent. A specific reaction to inflammation is not, however, depicted 
The coronary vessels show pronounced degeneration of the intima of the fatty type, 
with frequent regressive changes connoted by hyalinization.” 

In the aorta, “widespread degeneration within the intima is clearly portrayed 
Frequently these degenerative lesions have undergone further retrogression by 
changes incident to hyalinization in centers of calcification. The normal con- 
tinuity of the media appears to be uninterrupted.” 

Summary: Autopsy revealed mural thrombosis of the cardiac left ventricle, 
generalized arteriosclerosis and thrombosis of the left common iliac artery. Thert 
were no other arterial thromboses in the abdomen. 


Case 4.—S. C., a Polish Jew, aged 37, a habitual smoker, began to have a 
pain in the legs at the age of 35. Four months before admission to the Mount 
Sinai Hospital pain in the toes of the left foot became intense, interfering with 
sleep. A few weeks later one of the toes on the left foot became black. Exam- 
ination revealed a chronically ill man of 37. The heart and lungs were normal. 
The abdominal examination gave negative results. The radial arteries were pul- 
sating and both femoral arteries were open, but all other pulsations were absent in 
both lower extremities. A large ulcer was present over the dorsum of the left 
middle toe which was blue-black and obviously gangrenous. Alcohol was injected 
into the posterior tibial nerve, with some relief from pain. The musculocutaneous 
nerve was also resected and given an injection. The gangrene affecting the left 
toe spread, making amputation of the left lower extremity at the lower part of 
the thigh necessary. The stump bled a few times after the operation, and the 
patient succumbed to a combination of infection and exsanguination. 

Summary.—A Jew, aged 37, who had symptoms of thrombo-angiitis obliterans 
for two years, required amputation for relief of the pain and the spreading gan- 
grene. He succumbed after amputation to a combination of hemorrhage and 
infection. 

Relevant Postmortem Observations—Thrombotic occlusion of the left femoral 
artery and mild atherosclerotic changes in the iliac arteries were present. There 
were no visceral thromboses. 

Case 6.—H. F., a Russian Jewish salesman, aged 43, had intermittent claudica- 
tion in both legs for four years. Three months before admission to the Mount 
Sinai Hospital ulcers developed on both feet, and later on the right leg. Pain 
became so severe that the patient became bedridden. He smoked on the average 


twenty cigarets a day. Examination showed a severely sick, poorly nourished 


man. The heart sounds were poor. The pulse was regular. The blood pressure 
could not be obtained because of the vascular involvement. The left radial pulse 
was small; the left ulnar artery was closed. There were no pulsations at the 
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right wrist and none in either lower extremity. Both femoral arteries were closed. 
The left leg was swollen and blue, and a black necrotic ulcer was present below 
the ankle. The right foot was swollen and there were ulcers on the heel and 
ibove the ankle. The temperature ranged from 101 to 105 F. An amputation in 
the middle of the left thigh was done under general anesthesia, at which time 
it was noted that the femoral artery was almost completely occluded. Five days 
after the operation, the patient expectorated bright red blood, became cyanotic 
and dyspneic and went into cardiac collapse. In spite of energetic stimulation he 
died. 

Summary.—A Russian Jew, aged 43, who had thrombo-angiitis obliterans for 
four years, was admitted to the hospital, critically ill. Amputation of an infected 
gangrenous leg was done. He died five days after the operation in sudden cardiac 
collapse. 

Relevant Postmortem Observations —Examination revealed: thrombo-angiitis 
obliterans ; thrombotic occlusion of both iliac arteries with ascending thrombosis 
into the aorta up to the level of the renal arteries; thrombosis of both hypogastric 
arteries; marked coronary sclerosis with thrombotic occlusion of the left anterior 
descending artery, narrowing of the right coronary artery and myocardial fibrosis ; 
myomalacia of the left ventricle with aneurysm; atherosclerosis of the aorta and 
carotid subclavian and pulmonary arteries; multiple embolism of the branches of 
the pulmonary artery, and hyperplasia of the medulla of both suprarenal glands. 


Case 9.—N. F., a Russian Jew, aged 49, began to have symptoms of thrombo- 
angiitis obliterans at the age of 29. One year later, owing to the progression of 
the disease, amputation of one lower extremity was done at the Mount Sinai 
Hospital. The following year the second extremity was amputated. He had 
smoked since the age of 20. He was seen in the clinic at the age of 44 with 
symptoms of involvement of the hands. Physical examination revealed two well 
healed stumps. There were two atypically situated pulses at each wrist. The 
blood pressure was 155 systolic and 100 diastolic. An electrocardiogram revealed 
no abnormalities. With the cessation of smoking and on intravenous saline 
therapy, the symptoms cleared up completely. Gastro-intestinal symptoms appeared 
at the age of 49. He was readmitted to the hospital at which time study disclosed 
carcinoma of the hepatic flexure with metastases, from which he died. Autopsy 
confirmed the diagnosis. 


Summary.—A Russian Jew, who had thrombo-angiitis obliterans for twenty 


years and who required amputation of both lower extremities, died at the age 


of 49 of carcinoma of the colon. 

Postmortem Observations —Examination revealed carcinoma of the colon with 
metastases to the liver and slight arteriosclerosis of the ascending aorta. The 
coronary vessels were normal, and no thromboses were found in the major vessels 
of the trunk. 

Case 12.—W. S., an Austrian Jew, aged 38, began to have pain in the right 
foot at the age of 32. He was an inveterate smoker. Examination showed an 
absent radial pulse. All other pulses in the upper extremities were present, as 
were both femoral pulses. Both popliteal arteries were closed, and no pulsations 
were present in either foot. The patient was treated with hypertonic saline solu- 
tion intravenously. He continued to smoke. During the course of his treatment 
abdominal symptoms appeared. He was admitted to the Mount Sinai Hospital 
where he eventually died. Autopsy showed a widely disseminated carcinoma 
arising in the head of the pancreas. 
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Summary.—A man of 38, who had thrombo-angiitis obliterans for six years 
and who on presenting himself had advanced arterial impairment in the lower 
extremities, died of carcinoma of the head of the pancreas with metastases. 

Postmortem Observations —Examination revealed small round cell sarcoma of 
the bone or of the head of the pancreas, with metastases to the liver, lungs and 
bones, and no vascular thromboses in any of the viscera. 


Case 15.—H. K., a non-Jewish Pole, aged 33, a window cleaner, had coldness 
and pain in his left foot for three months. It was necessary to rest three times 
while walking one block. There was no history of migrating phlebitis, nor wer: 
there ever any ulcerations. He had smoked fifteen or twenty cigarets a day sinc 
the age of 15. Examination revealed normal circulation in the upper extremities 
Both femoral and popliteal arteries were pulsating, as were all the arteries in th 
right foot. There were no pulsations in the left foot. Smoking was prohibited 
and intravenous hypertonic saline injections were given three times a week. He 
continued to show further improvement under treatment. While at work, the 
patient fell from a six story window and died of a fractured skull. An incomplet: 
autopsy was done by the medical examiner. 

Summary.—A non-Jewish Pole, aged 33, began to have symptoms of thrombo- 
angiitis obliterans. When smoking was discontinued and hypertonic saline solution 
was administered intravenously, he improved considerably and was able to resume 
his former occupation of window cleaner. While at work he fell from a six 
story window and died of the resulting injuries. A complete autopsy was not 
done. Postmortem examination confirmed the cause of death as fracture of the 
skull with multiple lacerations of the brain. The abdominal or thoracic viscera 
were not examined. 

Case 17.—M. G., a Russian Jewish operator, had phlebitis about the left ankk 
at the age of 42. A year later there was pain in the fingers of the right hand. 
This finally disappeared. About four and one-half years before his admission to 
the Montefiore Hospital gangrene developed in the right foot requiring an amputa- 
tion of the right lower extremity at the middle of the thigh. Three years later 
amputation of the left lower extremity at the middle of the thigh was done for 
gangrene of the toes. Gangrene of the fingers of both hands was present at the 
time of admission. The patient smoked ten cigarets a day. Examination revealed 
emphysema and some basal pulmonary rales. The heart was normal; the blood 
pressure was 130 systolic and 84 diastolic. Both lower extremities had been ampu- 
tated. The left radial pulse was smaller than the right. During the ten years of 
his stay in the hospital he felt well. At the age of 60, urinary symptoms developed. 
Prostatectomy was attempted. He died of pulmonary infection postoperatively. 

Summary.—A Russian Jew, who had thrombo-angiitis obliterans beginning at 
the age of 42 and who had both lower extremities amputated, besides suffering 
gangrenous involvement of many of the digits of both hands, died at the age of 
60 of a postoperative (prostatectomy) pulmonary infection. 


Relevant Postmortem Observations—Autopsy revealed: patent coronary 


arteries, mildly atherosclerotic; spirochetal pneumonia of both lower lobes with 


formation of cavities; thrombosis of the pulmonary arteries to both lower lobes; 
no other vascular occlusions, and no significant microscopic changes. 

Case 20—S. S., an Austrian Jew, had intermittent claudication for eight 
years, beginning at the age of 29. Amputation of the left great toe had been done, 
and ulceration persisted. He was a moderate smoker. Examination at the Mount 
Sinai clinic showed all vessels closed in both feet and gangrenous ulceration ot 
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the left foot. In spite of treatment the gangrene progressed and an amputation of 
the left lower extremity was done at the middle of the thigh. One year later, 


because of similar involvement of the right foot, amputation was done at the 
Montefiore Hospital. Examination of this specimen pathologically showed the 
usual lesions of thrombo-angiitis obliterans. He was seen several times during 
the next three years, and presented ulcerations of two fingers of his right hand. 
At this time a spreading gangrene of the right stump developed and he died. The 
patient refused to stop smoking throughout his entire illness. 

Summary.—An Austrian Jew who had thrombo-angiitis obliterans for thirteen 
years, beginning at the age of 29, and who had had amputations of both lower 
extremities and also involvement of both upper extremities, died of a spreading 
gangrene of the right stump. 

Relevant Postmortem Observations —Heart: The coronary arteries were 
straight and soft. The myocardium was pale, tan and flabby in consistency. Both 
ventricles were hypertrophied and dilated. The valves were normal. The anterior 
descending branch of the left coronary artery was occluded by a greenish-white 
mass. Other coronary arteries showed slight atherosclerosis, but were everywhere 
patent. 

Vessels: The abdominal aorta was completely occluded by a grayish thrombus 
below the renal arteries. This manifestation extended into the common iliac 
vessels where the thrombus became red. The upper portion of the abdominal aorta 
had a marked “tree back” appearance. The right femoral artery was occluded at 
one point near its origin by yellowish-gray material. The left femoral artery 
showed no abnormalities, nor did the renal, carotid, left brachial or mesenteric 
arteries. The inferior vena cava showed no abnormalities. 

Microscopic Examination: The coronary artery showed occlusion, organization 
and recanalization ; the vein was uninvolved. Of three sections of the right femoral 
artery one was negative, though an adjacent vein had been completely replaced and 
recanalized. A second section showed moderate intimal proliferation with a 
thrombus undergoing organization, and adjacent veins had been occluded and 
recanalized. A third section was completely occluded by a thrombus, most of 
which was fairly recent, and a branch had been completely occluded and recanalized. 
In the left femoral artery, at one point, there was considerable intimal pro- 
liferation, but the lumen remained patent. The wall of the vein showed collections 
of lymphocytes. The artery had been occluded and recanalized. 

Summary: Autopsy revealed thrombo-angiitis obliterans, thrombosis of the 
abdominal aorta with complete occlusion, gangrene of both lower extremities, the 
left hip, the left arm, the axilla and the penis and coronary sclerosis, with throm- 
bosis and recanalization of the left anterior descending coronary artery. 

Case 21.—T. R., a Russian Jew, aged 42, first began to have severe pain and 
paresthesia in his left leg one year before admission to the Mount Sinai Hospital 
The toes on this foot became gangrenous and separated spontaneously. Four 
months later the foot was amputated at the ankle at the Johns Hopkins Hospital 
Two weeks before admission to the Mount Sinai Hospital, pain occurred in the 
left thigh. The patient had smoked from twenty to forty cigarets a day for many 
years. Examination revealed a chronically ill, emaciated man with emphysema of 
the lungs and a normal heart. At the site of the amputation of the left foot there 
was a gangrenous wound. On the inner aspect of the distal third of the left thigh 
was a swollen, red, tender elevation, exuding pus. The fourth and fifth toes of 
the right foot were not present. The left femoral pulse was small, the right femo- 
ral pulse was present and the right popliteal pulse was small. There were 
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no pulsations in the right foot. At no time was the patient in a condition { 
undergo amputation. In spite of transfusions and supportive treatment he gradu 
ally lost ground and died of spreading gangrene four weeks after admission. 

Summary.—A man of 42, who had had symptoms of thrombo-angiitis obliterans 
in both lower extremities, which had required amputation of his left foot, died 
of spreading gangrene from this unhealed wound. 

Relevant Postmortem Observations —Examination revealed: a gangrenous 
wound of the stump of the left leg, which had been amputated below the knee. 
The fourth and fifth toes of the right foot were missing. Vessels in the stump 
showed the changes characteristic of thrombo-angiitis obliterans. The heart was 
small, and the muscle was brown and thinned. The coronary orifices and arteries 
were patent. There was some atherosclerotic thickening of the right coronary 
artery. Aside from evidence of cachexia, the other organs presented no abnor 
malities. There were no arterial thromboses. 

Case 23.—J. M., a Russian Jewish driver, aged 47, was seen at the Montefiore 
Hospital. Nine years previously he had had an amputation high in the thigh for 
thrombo-angiitis obliterans. He was admitted because for the previous eight years 
he had had constantly recurring pain and ulcerations of the other leg. He smoked 
moderately. Physical examination showed a thin, middle-aged man. The heart 
and lungs were normal. The stump was well healed. The left lower extremity 
was atrophic and the foot was discolored. The blood pressure was 140 systolic and 
80 diastolic. There were no pulsations in the foot. Shortly after admission, because 
of the progression of symptoms, an amputation of the left extremity at the middle 
of the thigh was done. Pathologic examination of this amputated extremity 
revealed the typical lesions of thrombo-angiitis obliterans. The patient persisted 
in smoking in spite of advice. His further course was characterized by progressive 
involvement of the fingers of the right hand. At this time one artery was closed 
in each wrist. The right index finger finally sloughed off. Then he had attacks 
of colicky abdominal pain, accompanied by bloody diarrhea, vomiting and tenesmus. 
There was tenderness in the epigastrium and lower quadrant on the right side, 
but no rigidity or fever. It was suspected, but never definitely established clinically, 
that the patient had mesenteric arterial involvement. His course was rapidly down 
hill, and shortly before his death, at the age of 56, he became irrational. 

Summary.—A Russian Jew had his first amputation for thrombo-angiitis oblit- 
erans at the age of 38, and his second amputation at 47. There was subsequent 
involvement of both remaining extremities with clinical evidence of mesenteric 
arterial occlusion. He died at the age of 56. 

Relevant Postmortem Observations—Examination revealed an emaciated 
cadaver with two stumps at the thigh and a missing right index finger. The 
heart weighed 190 Gm. The valves were normal and the coronary arteries weré 
beaded and tortuous owing to atherosclerosis. The lumen of the left anterior 
descending artery was narrowed, but not completely occluded. No thromboses 
existed. The aorta showed marked arteriosclerosis extending down into the com- 
mon iliac arteries. There were arteriosclerotic ulcerations and raised plaques. 
Both femoral vessels were completely occluded by thrombi. The renal artery 
showed slight arteriosclerosis. One of the smaller branches of the superior 
mesenteric artery was completely occluded for about 1 inch (2.5 cm.) by a red 
thrombus. The pulmonary artery showed atheromatosis. The inferior vena cava 
was normal. The abdominal viscera were normal. 


Microscopic examination revealed interstitial myocardial fibrosis of the cardiac 
muscle. The right femoral artery and vein showed an irregularity of architecture. 
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Both vessels were definitely thrombotic, the arterial thrombus being composed of 
red and white cells and fibroblasts. Small vasa vasorum were seen outside the 
thrombus; there was a large amount of fibrous tissue growing irregularly into the 
intima and media. In another section the thrombus was composed of fibrous tissue 
and fibroblasts with an apparently homogeneous, structureless hyaline layer around 
it. The thrombus had been canalized and recanalized. The vein showed marked 
narrowing of the lumen by an invagination of the intima with marked narrowing 
of the lumen. 

The process in the left femoral artery was similar to that in the right. The 


thrombus left only a small slit for a lumen. Canalization had evidently taken place 
repeatedly. There were small lumens scattered all through the thrombus. In the 


mesenteric artery the intima showed a good deal of thickening by a wavy hyaline 
structure containing numerous fibroblasts, which had markedly encroached on the 
lumen. Another section of this vessel showed advanced obliteration of the lumen 
by a thrombus which had been recanalized. Numerous young blood vessels were 
seen to break up the thrombus. Other small vessels appeared only as masses of 
fibrous tissue due to closure of their ostia. The cerebral vessels revealed arterio- 
sclerosis. 

Summary: Autopsy revealed thrombo-angiitis obliterans with amputation at 
the middle of both thighs, thrombosis of the right and left femoral arteries with 
thrombosis of the branch of the superior mesenteric artery (thrombo-angiitis 
obliterans?), generalized arteriosclerosis and marked arteriosclerosis of the aorta 
and coronary vessels. 

Case 31.—M. L., a Russian Jewish operator, first had symptoms of thrombo- 
angiitis obliterans at the age of 30. Three years later his right lower extremity 
was amputated. The condition involved the other lower extremity and progressed, 
requiring amputation of the left leg five years later. The patient was 38 at this 
time, and had a blood pressure of 104 systolic and 68 diastolic. For three years 
he was relatively well. At the age of 41, there first appeared attacks of precordial 
pain, dyspnea, sweating and weakness. Subsequently dyspnea on exertion and 
edema of the stumps developed. Admitted to the Montefiore Hospital because of 
these symptoms, physical examination showed a chronically ill man of 43, with 
dyspnea and orthopnea. There were edema of both stumps, an enlarged heart, 
systolic basal murmurs and an enlarged liver. The blood pressure was 232 systolic 
130 diastolic; 182 systolic, 118 diastolic; and 190 systolic and 120 diastolic. A 
roentgenogram showed an enlarged heart and fluid in both pleurae. The electro- 
cardiogram revealed left ventricular predominance, notched P waves, peaked and 
notched QRS complexes, with low T I and inverted T III waves, and was 
interpreted as indicating myocardial damage. The heart failure increased, and 
the patient died of pulmonary edema. 

Summary.—A Russian Jew, who had thrombo-angiitis obliterans from the age 
of 30, and who had amputations of both lower extremities at the ages of 33 and 
38, respectively, had a hypertension and angina pectoris during the last few years 
of his life, and died of heart failure at the age of 44. 

Relevant Postmortem Observations—The heart showed hypertrophy and dila- 
tation but no valvular abnormalities. The myocardium was firm and grossly 
normal, The coronary arteries were normal, except for scattered small athero- 
matous plaques. The liver revealed thrombosis of the hepatic artery extending 
into the right and left branches; the celiac axis and its other branches were 
thickened but not occluded. There was atheromatous involvement in the aorta 
from root to bifurcation. In the terminal portion of the iliac and proximal portion 





448 ARCHIVES OF INTERNAL MEDICINE 


of the femoral arteries, there was an occluding thrombus which was breaking dow: 
There were no thrombi in the right iliac artery. The vena cava and tributaries 
were normal. 

Microscopic examination revealed moderate fatty infiltration of muscle fibers 
in the myocardium. The aorta showed marked intimal fibrosis and hyalinization 
and congestion of the vasa vasorum. The iliac artery revealed marked hyalin 
and fibrous thickening of intima. There was unclotted blood in the lumen. In 
the hepatic artery perivascular round cell infiltration and fibrosis were evident 
and the lumen was filled with a laminated clot, showing organization at th 
periphery. Another section showed complete occlusion by a recanalized organized 
thrombus. 

Summary: Autopsy revealed cardiac hypertrophy and dilatation, thrombosis 
of the hepatic and left iliac arteries and mild atheroma of the coronary arteries. 

Case 33.—S. R., a Russian Jewish operator, aged 42, had had thrombo-angiit 
obliterans for nine years. Seven years before admission his left foot had bee: 
amputated at the ankle and five years later the right leg had been removed below 
the knee. The clinical diagnosis of thrombo-angiitis obliterans was confirmed by 
examination of an amputated limb. He smoked about twenty cigarets a day 
Beginning seven months before admission to the Mount Sinai Hospital, post 
prandial epigastric and periumbilical pain occurred without associated symptoms 
The pain was colicky and was relieved by pressure on the abdomen or the applica- 
tion of heat. Increasing frequency and severity of these abdominal symptoms 
caused him to enter the hospital. Examination revealed normal circulation in th 


upper extremities. The pulsations in the left lower extremity, iliac and femoral 


arteries were small. The right external iliac, the right femoral and both popliteal! 
arteries were closed. The stumps were well healed, but cold. The abdomen was 
held voluntarily rigid, making accurate examination difficult. The patient was 
afebrile; the blood pressure was 132 systolic and 85 diastolic. Roentgenograms o 
the gastro-intestinal region revealed no organic lesion of the stomach or duodenum, 
but showed what was interpreted as a partial obstruction in the small intestine. Th 
abdominal pain became more constant and severe, at times requiring chloroform 
anesthesia for relief. In a few days the patient died of exhaustion and shock 
Clinical diagnosis was thrombo-angiitis obliterans with dysbasia intermittens 
arteria mesenterica (Ortner). 

Summary.—A Russian Jew, aged 42, had thrombo-angiitis obliterans for nin 
years, during which time amputation of both lower extremities was done. F 
seven months before death he had recurring attacks of postprandial colic whi 
was diagnosed as due to progressive occlusion of the vascular supply of the upper 
gastro-intestinal tract. He died a few days after admission from shock. 

Relevant Postmortem Observations (Dr. C. Rabin).—Examination revealed wel! 
healed stumps of the left leg amputated at the tarsometatarsal junctions and of 
the right leg amputated below the knee. The heart weighed 300 Gm. There was 
an apical myocardial scar, and thrombosis in a branch of the right coronary artery 
had occurred. Some atheroma of the sinuses of Valsalva was present. Then tl 
aorta was fairly free up to the origin of the celiac axis. The opening of the 
celiac axis was indicated by a circular depressed area of fibrosis. It was not patent 
The opening of the inferior mesenteric artery also was plugged with a thrombus 
completely occluding the mouth of the vessel which was thickened by an old 
inflammatory process. Orifices of the renal artery were widely patent. The aorti 
wall below the celiac axis was thin, slightly narrowed and scarred. The scars 
were depressed; some were stellate and mostly parallel, giving a wrinkled appear 
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ance. There was a slight atheromatous process in this region. The common iliac 
vessels showed little change. Both external and internal iliac arteries showed 
thickening of the arterial walls with thrombi—some organized and others fresh. 
Within a few inches of the bifurcation of the common iliac arteries these vessels 
were very narrow, having been completely occluded by fresh and old thromboses. 

At the junction of the hepatic, gastric and splenic vessels the celiac axis was 
completely obliterated by an organized process. The gastric artery appeared 
patent. The splenic artery was thrombosed for a short distance. About 3 cm. 
from its entrance into the celiac axis it suddenly became wide and was patent all 
the way to the hilus of the spleen. The hepatic artery from about 1 inch from 
the celiac axis showed numerous areas of thrombosis. The lumen of the artery 
was narrowed and was represented by a number of recanalized channels. The 
cystic artery showed the same condition. The superior pancreaticoduodenal artery 
was completely closed off by a fresh thrombus. The superior mesenteric artery 
was closed off at its mouth by a fresh thrombus. Then for a distance of 2 cm. it 
showed no change. The opening of the inferior pancreaticoduodenal artery was 
free. Farther along in its course it was occluded by an old thrombus and partly 
recanalized. The intestinal branches of the inferior mesenteric artery were patent. 
The main body of the artery in its course in the mesentery was completely throm- 
bosed, mainly organized, but in some places a fresh thrombus could be discovered. 
The wall was much thickened. No free lumen could be discovered all the way to 
its entrance into the aorta. No evidence of its opening into the aorta could be 
found. 

In the gastro-intestinal tract the upper jejunum and duodenum were normal in 
appearance. The lower portion of the jejunum, the entire ileum and the ascending 
and transverse colon were deep red; the serosa was dull and opaque. On the 
surface were numerous areas of gangrene which were more marked on the mucous 
membrane. In two places in the ileum there were perforations from which bloody 
grumous intestinal contents entered the peritoneal cavity. The descending colon, 


for the most part, showed only congestion. Mesenteric veins near the intestine 


were dilated and well filled with a postmortem clot. The vena cava and portal 
vein, as well as the veins of the spleen, were normal. 

Microscopic Examination: The celiac axis was completely occluded by an 
organized thrombus which was partially recanalized. The internal elastic mem- 
brane was clear and showed little alteration. There were a number of cells con- 
taining iron pigment at the edges of the organized thrombus. At one small point 
there was thickening in the intima with some proliferation of the elastica intima. 
Another section of this artery showed occlusion by an organized recanalized 
thrombus. There were no intimal or internal elastic changes. The superior 
mesenteric artery was occluded by an old thrombus, recanalized. Some intimal 
thickening was evident, with proliferation of the elastic tissue. The media showed 
some lymphocytic infiltration, and the adventitia some fibrous thickening. The 
inferior mesenteric artery was completely occluded by an organized thrombus. 
There was no intimal thickening or changes in the elastica interna. The splenic, 
hepatic, pancreaticoduodenal, internal and external and iliac arteries showed organ- 
ized recanalized thrombosis with occasional intimal thickening or lamellation of 
the elastica interna. 

Summary: Old and recent thrombi were evident on the walls of the internal 
and external iliac arteries. There was thrombosis of the right coronary artery 
with myocardial scarring, and thrombotic occlusion of the celiac axis with extension 
into the hepatic, splenic, cystic and pancreaticoduodenal arteries. There were 
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thrombotic occlusion of the inferior mesenteric and superior mesenteric arteries, 
perforations in the gangrenous ileum and congestion of the ascending and transverse 
colon. 


CasE 42.—M. T., an Austrian Jewish tailor, aged 53, was seen in the Montefiore 
Hospital. He had had vascular disease necessitating amputation of the left lower 
extremity at the middle of the thigh, at the age of 39. At the age of 47, he had 
hemiparesis, of short duration. A short time before admission to the hospital, 
intermittent claudication of the right leg developed. He had smoked twenty 
cigarets a day for many years. Examination disclosed a well nourished man on 
crutches. The heart and lungs showed no obvious abnormalities. The blood 
pressure was 115 systolic and 75 diastolic. There were no residual neurologic 
signs of the previous hemiparesis. The Wassermann reaction of the blood was 
negative. While under observation an acute episode developed, characterized by 
collapse, falling blood pressure, rapid pulse, fever, cyanosis and the appearance 
of a pericardial rub. The patient died during this attack, which was interpreted 
as a coronary closure. 

Summary.—An Austrian Jew, who had thrombo-angiitis obliterans since the 
age of 39, and who had an amputation of one lower extremity at that time, sub- 
sequently had temporary hemiparesis and later died in an attack of coronary 
thrombosis. 

Relevant Postmortem Observations.—In the heart and coronary arteries, recent 
and old myocardial infarctions were found in the left ventricular wall with a fresh 
mural thrombus. The left descending coronary artery branch was calcified and 
finally completely closed at about its middle. The circumflex artery was also occluded 
at about the middle. The right coronary artery was atheromatous, but not visibly 
occluded. The aorta and the branches were the seat of a moderately advanced 
atherosclerotic process. 

Microscopic Examination: The left iliac artery was markedly fibrous, with 
hyaline thickening of the intima, and the right iliac artery showed slight thickening 
of the media and intima. There was no stenosis or occlusion. In the pulmonary 
artery there was fatty and fibrous thickening of the intima, while the coronary 
artery showed marked fibrous thickening and slight fatty infiltration of the intima 
The underlying layers were almost completely replaced by organizing scars, and 
underneath this zone were large areas of recent necrosis. In the aorta were small 
areas of fibrosis and hyalinization, with a slight tendency to calcification of the 
media and intima. 

Summary: Examination at autopsy revealed coronary sclerosis and occlusion 
recent and old infarcts of the left ventricular myocardium, a localized adherent 
pericardium, slight generalized atherosclerosis and atheroma of the pulmonary 
vessels. 

Case 43 (reported by Buerger).—F. K., aged 24, gave a history of having 
had pain in the left great toe the year before admission. The pain recurred two 
weeks before admission to the Mount Sinai Hospital. The toe became discolored 
and the foot swollen. There also were intermittent cramplike pains in the calf 
of the right leg on walking. Examination disclosed absence of pulsation in the 
left dorsalis pedis artery. The right dorsalis pedis artery pulsated. During the 
next three years, because of progressive occlusion of the vessels of the lower 


extremities, amputation of both lower extremities became necessary. Pathologic 


study established the diagnosis of thrombo-angiitis obliterans. The patient was 
found dead one day, just after he had been seen alive by one of the hospital 
attendants. 
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Summary.—A man, aged 27, died suddenly. He had_ thrombo-angiitis 
\bliterans for four years, during which period amputation of both lower extremities 
was done. 

Relevant Postmortem Observations —The cardiac muscles were brown, with 
many yellow areas of degeneration and fibrosis. About 1.5 cm. from the origin 
the lumen of the left anterior descending coronary artery was filled with a fibrous, 


yellowish-white substance, adherent to the wall and dividing the lumen of the 


vessel into two small parts (recanalization?). The right coronary artery was 
normal. There were no other vascular occlusions. Microscopic examination 
revealed the typical picture of arteriosclerosis. There was no evidence of thrombo- 
angiitis obliterans. 

Case 44 (reported by Buerger).—T. L. began to have pain in the left foot at 
the age of 34. Gangrene of the toes developed, and an ulcer appeared on the 
dorsum of this foot. A year later the left leg was amputated at the middle of 
the thigh. In another year, because of involvement of the right lower extremity 
amputation of this leg was done likewise through the middle of the thigh. Exam- 
ination of the amputated extremities showed old and acute lesions of 
thrombo-angiitis obliterans. Two years later, at the age of 38, he began to com- 
plain of trouble in his right hand. Examination revealed an atrophic hand with 
thickened skin. The brachial artery could be felt as a nonpulsating cord, and the 
ulnar and radial arteries did not pulsate at either wrist. Both femoral pulses were 
absent. Although the process in the hands did not progress, in two years the 
patient was again observed in the hospital because of ulceration and a slough on 
the stump of the left leg. Asthenia, cachexia, fever and coma ushered in the final 
fatal stage. 

Summary.—A man who had his first symptoms of thrombo-angiitis obliterans 
at the age of 34 had progressive involvement of all four extremities, requiring 
amputation of both legs. He died at the age of 40 of cachexia and toxemia result- 
ing from a gangrenous infected stump. 

Relevant Postmortem Observations —Examination revealed slight coronary 
atheroma, thrombotic occlusion of the abdominal aorta and narrowing of the right 
renal artery. Microscopically the aorta and renal vessels showed arteriosclerosis 
with bland thrombosis and organization. 

CasE 45 (reported by Buerger)—B. D., a man of 21 years, with 
thombo-angiitis obliterans, had an amputation through the left thigh. A few days 
later he experienced extreme abdominal pain with rigidity of the abdominal wall 
Operation confirmed the diagnosis of mesenteric thrombosis with gangrene of the 
intestines. The patient died. 

Relevant Postmortem Observations—Examination revealed: marked coronary 
atheroma; patchy myocardial fibrosis; mural thrombi on a sclerotic aorta; throm- 
bosis of the superior mesenteric artery, celiac axis and left internal iliac and 
femoral arteries; gangrene of the terminal 4 feet (121 cm.) of ileum, and infarcts 
of the spleen and kidneys. Microscopically various involved vessels showed typical 
lesions of arteriosclerosis with thromboses. There were no lesions characteristic 
of thrombo-angiitis obliterans. 

Case 46.—A. S., a Russian Jewish operator, required amputation of a finge 
of the left hand because of pain and gangrene at the age of 35. A few months 
later some fingers on the right hand became involved. The left great toe was 
iffected and was removed surgically. One year before admission to the Montefiors 


Hospital gangrene developed in the right great toe making amputation of the right 
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lower extremity necessary. Six months later the leit lower extremity was am; 
tated at the knee joint. The patient smoked fifteen cigars a day. Examinati: 
revealed amputation of the index and middle fingers of the right hand, the index 
finger of the left hand and both lower extremities. No pulse was felt at the k 
wrist; the right ulnar pulse was small, and the radial pulse absent. The bl 
pressure was 90 systolic and 50 diastolic. In the hospital the patient was comfo: 
able. At the age of 47, he had a hemiplegic stroke, from which he recovered. 
year later, while watching a baseball game he suddenly became unconscious 
died an hour later. 

Summary.—A Russian Jew, who had thrombo-angiitis obliterans for thirte: 
years, beginning at the age of 35, and who had amputation of numerous digits 
both hands and of both lower extremities, died suddenly at the age of 48. A ye 
before his death he had had right hemiplegia. 

Relevant Postmortem Observations—Examination revealed: marked coronary 
sclerosis, with the left anterior descending artery occluded by reddish-gray trans 
lucent material (old and recent closure) ; myocardial infarction; arteriosclerosis 
of the aorta and renal arteries; small internal iliac and femoral arteries, wit! 
greatly reduced lumens; cerebral arteriosclerosis with multiple areas of softeni: 
in the brain, and thrombosis of the branches of the middle and anterior cerebr 
arteries, 

Microscopic examination of the arteries revealed a fresh blood and _ fibri 
thrombosis of the coronary arteries with beginning organization and the ingrowt! 
of fibroblasts and small blood vessels, thickening of the media and intima wit! 
hyalinization and an organized thrombus with hyalinization. In the cerebral arteries 
arteriosclerosis with thrombosis of the middle and anterior cerebral vessels was 
evident. 

Case 47.—S. M., a Russian Jewish glazier, first had pain in the lower extremi 
ties at the age of 35. An infection under the right great toe nail was present at 
this time. This finally healed, but two years later a more extensive involvement 
of the left foot occurred. This finally made amputation of the left lower extremity 
necessary at the age of 37. Three years later repeated and spreading ulceration o1 
the right foot resulted in amputation of the right lower extremity. On numerous 
occasions there were ulcerations on the fingers of the right hand. A few months 
before his admission to the Montefiore Hospital sugar was discovered in the 
urine. It had not been present at the time of the first amputation. Examinatio: 
revealed the absence of both lower extremities. The right radial pulse was absent 
and the right brachial pulse was small. The left radial pulse was present. Duri 
his stay in the hospital he was comparatively well. One day before his sudder 
death, he complained of precordial oppression. 

Summary.—A Russian Jew, who had thrombo-angiitis obliterans since th 
of 35, required the amputation of both lower extremities. There was involvement 


of the upper extremities also. Sugar was noted in his urine for the first ti 


when he was 50. He died suddenly, having complained of precordial distress 
day before. 

Relevant Postmortem Observations —Examination revealed: hypertrophy and 
dilatation of the heart, with myocardial fibrosis; arteriosclerosis of the coronary 
arteries with occlusion of the left anterior descending artery; old occlusion of a 
branch of the right coronary artery; cerebral arteriosclerosis, with thrombosis of 
the lenticulostriate artery; severe aortic arteriosclerosis, with occluding thrombus 
extending into the iliac arteries, and no visceral vascular thromboses. Micré 
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pically the coronary vessels revealed marked thickening of the intima and media 
th cellular infiltration composed of connective tissue and round cells. The lumen 
narrowed and contained an adherent fresh fibrin thrombus. Marked arterio- 


rosis with intimal and medial thickening was evident in the aorta 


EXTREMITIES INVOLVED; AMPUTATIONS 


Twenty-two patients, or roughly one half of the total, had involve- 
ent of the lower extremities only, while the remaining twenty-five 
had involvement of the upper extremities also ; that is to say, all patients 
had disease of the lower extremities, whereas none had disease only of 


1¢ upper extremities. 

\ll except eight of the forty-seven patients had undergone at least 
ne major amputation. In the last decade the therapeutic management 
of thrombo-angiitis obliterans has become radically altered. More suc- 
cessful methods of treatment and the employment of newer methods 
for the alleviation of pain in involved extremities have made it possible 
to prevent early amputation of the extremities in moderately advanced 
ases—heretofore a common occurrence. Today all workers in_ the 
field of therapy (Silbert,® Brown and Allen,’ Samuels * and Schlesinger °) 
have advised against an early radical operation. At the Mount Sinai 
Hospital amputation for thrombo-angiitis obliterans in the past ten years 
has been reduced to a fraction of its former incidence. It may safely 
he predicted that in a similar group reported ten years from now the 


incidence of amputation will be still less. 


AGI * INCIDENCE AND DURATION OF DISEASI 


4 


\lthough age was considered one of the criteria for the inclusion 

a case in this series, all other features of the disease in the cases 
reported here confirmed the diagnosis. Therefore, the analysis of the 
re of onset, the duration of the disease and the age at the time of 
leath can afford some valid information. Table 2 shows the incidence 
for each decade. 


The greatest number of cases appeared in the fourth decade of life. 


When it is understood that hand in hand with the occlusive process 


there arises an extensive collateral and compensatory vascular network 


6. Silbert, S.: A New Method for Treatment of Thron igiitis Obliterans, 
M. A. 79:1765 (Nov. 18) 1922; The Treatment of mmbo-Angtitis Oblit- 
ans, ibid. 86:1759 (June 5) 1926; Thrombo-Angiitis Obliterans (Buerger), 
1. 94:1730 (May 31) 1930. 
7. Brown, G. E., and Allen, E. V.: Thrombo- 
lelphia, W. B. Saunders Company, 1928. 
8. Samuels, S.: Treatment of Gangrene Due to Thrombo-Angiitis Oblitera: 
\. M. A. 96:751 (March 7) 1931. 
9. Schlesinger, H.: Klin. Wehnschr. 45:2112, 193 
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which postpones the appearance of symptoms, it can be said that thrombo 
angiitis obliterans probably has its beginning most frequently in the 
third decade. 

The duration of life in three of the nine patients who began 
show symptoms between the age of 18 and 30 did not exceed four years 
This exaggerates the gravity of the prognosis in these persons, for 
there are many afflicted at this age who do very well, and because of 
that fact would not appear in this group. Yet these few cases would 
seem to indicate that not infrequently cases in which the disease appears 
early in life have a different character from the usual instances. The 
involvement is more extensive, the thrombotic feature is prominent 
and the general pace of the disease is accelerated. An example of this 
type of case was observed recently in the wards of the Mount Sinai 
Hospital. A man of 20 who had had symptoms for only a few montlis 


was found to have involvement of all four extremities. In one leg 


TABLE 2.—Incidence of Disease by Age 


Age of Onset (by History) 


20 to 29 30 to 39 40 to 49 


Number of cases............ 2 7 29 9 


the process had advanced so far that in spite of active therapy 
amputation was necessary because of spreading gangrene. 

In the older group, with onset between 40 and 50, comprising nine 
cases, the duration of life was short, except in two patients, who 
survived for twenty-one and eighteen years, respectively. Subjects who 
come under observation at this period frequently have arteriosclerosis. 
In other instances, because of the long though silent existence of the 
disease, the involvement is extensive. Frequently when patients in 
this group are first seen surgical procedures are necessary, but not well 
borne. Such circumstances accounted for the death of two of our patients 
(cases 1 and 21). It is to be noted that three patients in this group 
died of coronary thrombosis (cases 35, 38 and 40), a not uncommon 
mode of termination in thrombo-angiitis obliterans, as will be shown 
later. 

The twenty-nine patients who showed the first symptoms between 
the ages of 30 and 39 make up the largest group. Thirteen lived less 
than ten years after the onset of symptoms and the other sixteen 
survived for from ten to twenty-three years. No patient in this group 
lived to the age of 60. The average duration of life was 12.5 years 
from the onset of symptoms. This figure possesses the limitations of 
all “averages.” It does not apply to a particular case. Perhaps the 
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only warranted conclusion to be drawn from the figures is that a patient 
presenting the first symptoms between the ages of 30 and 40 has a 
maximum life expectancy of roughly twenty years.!° 

From a study of these forty-seven cases it appears that when 
thrombo-angiitis obliterans occurs in the second or early third decade 
of life, it may run a stormy course, characterized by extensive thromboses 
and complications requiring surgical measures, with their attendant 
risks. This parallels many well known examples of the marked severity 
of a given disease in young subjects. When symptoms of thrombo- 
angiitis obliterans first appear in the fourth decade, the maximum life 
expectancy is about twenty years, with somewhat more than one half 
the patients surviving for ten years or more. 


CAUSE OF DEATH 


In table 1 the causes of death have been classified under four 
headings: (1) operative intervention; (2) intercurrent disease; (3) 
asthenia and cachexia, and (4) vascular accidents. In the last group 
are included five instances of sudden death. 

1. Operative Intervention.—Seven patients died after operations which 
were necessary because of extensive vascular occlusions in the extremities 
or succumbed after surgical procedures (ganglionectomy) undertaken 
to stay the progress of the disease. The most common operation 
performed for thrombo-angiitis obliterans is amputation. A high mor- 
tality is not usually associated with this procedure. In some cases a 
fatal issue can be explained by the fact that amputation is undertaken 
too late. Under such circumstances, the patient, worn out by sleepless 
nights of persistent pain and weakened by toxic absorption from a 
gangrenous extremity, readily succumbs to this relatively mild pro 
cedure. In the present-day conservatism lies some danger in occasionally 
delaying too long the surgical removal of a hopelessly diseased part. 
In the majority of cases natural demarcation and spontaneous amputation 
occur, but in some instances rising temperature, rapid pulse or a spread- 
ing gangrenous or infective process with a constitutional reaction demand 
early amputation to save life. Amputation in the presence of infection is 
particularly hazardous, as infection of the stump is likely to occur, to 
be followed by general sepsis or death. One case exemplifies this point 
(case 1). Postoperative accidents, such as pulmonary embolism, cardiac 
failure and hemorrhage, are other modes of termination (cases 6 and 2). 
Ganglionectomy in one of the six cases was performed in another 


10. These cases represent the course of the disease before newer methods of 


treatment were instituted. Our more recent experience leads us to believe that 
the prognosis as to duration of life can be considerably extended. 
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hospital and was followed by a fatal intra-abdominal hemorrhage (ca 
5). The reduction of postoperative death lies within easy reach. Earl; 
diagnosis, energetic treatment, careful follow-up and control of th 
cases long after the symptoms of diminished circulation have disappeared 
decrease the necessity for amputation. 

2. Intercurrent Disease, Accident and Suicide—lIn this group of 
twelve patients, ten died of nonvascular disease, one of suicide and one of 
accident. Malignant neoplasms accounted for five of the ten fatalities 
the other causes being appendicitis, erysipelas and pulmonary infections 
No special organic involvement or a particular type of neoplasm can ly 
associated with thrombo-angiitis obliterans. With longer survival an 
increased incidence of such intercurrent disease can be predicted. 

One suicide occurred in this group (case 16). Thrombo-angiitis 
obliterans is a chronic disease enduring for many years. Until th 
patients come under treatment there is often constant pain, with sleey 
less nights and forced retirement from economic usefulness. It is not 
altogether strange that psychic morbidity arising from such a life 
prompts a few to end their suffering. 

The last patient of these nine, a window cleaner, fell to death from 
a height (case 15). This particular occupation has an acknowledged 
hazard. But, as will be shown later, persons with thrombo-angiitis oblit- 
erans frequently suffer vascular occlusions in various parts of the body. 
Perhaps a thrombosis of a coronary or cerebral artery precipitated the 
fall. Unfortunately, the autopsy was incomplete in this case. 

3. Asthenia and Cachexia.—Six cases fall into this division. Tw 
patients had been operated on, but the stumps did not heal (cases 2! 
and 21). During the long period of hospitalization, progressive gan 
grene of the stump, for which further surgical intervention was impos- 
sible, resulted in death. In the other four patients severe pain, 
stubborn ulcerations and gangrene of the fingers with infection caused 
progressive deterioration and death (cases 22, 23, 24 and 25). Addic- 
tion to morphine acquired during this period was an additional factor 
Unless the diagnosis is made early the arterial closures become so 
extensive that the ulcerations grow in size, the gangrene spreads and 
the operative wounds do not heal. Infection finds little resistance 11 
impoverished tissues, and death ensues from toxemia. Although therap) 
has become more effective in the past decade, there still occur instances 
of thrombo-angiitis obliterans which first come under dbservation in a! 
advanced stage. Such cases, in spite of all therapeutic procedures 
cooperative patients, make steady unfavorable progress. Until mor 
effective remedies are discovered, these cases must be expected occa 


sionally. 
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4. Vascular Accidents and Sudden Death._—Twenty-two of the forty- 
seven cases discussed here belong in this category. A clinical diagnosis 
of coronary thrombosis was given in thirteen (cases 31, 32, 34, 35, 36, 
38, 39, 40, 41, 42, 43, 46 and 47); three patients had intra-abdominal 
thromboses (cases 33, 44 and 45), and one died after a cerebro- 
vascular closure (case 37). The details of the clinical pictures and the 
basis for the diagnoses for some of these cases will be found in the 
clinical résumés and in the postmortem observations. 

Five cases of sudden death were also included in this group (cases 
26, 27, 28, 29 and 30). Sudden death most often occurs in persons with 
heart disease (Reuter '* and Vibert **). In apparently healthy persons 
coronary vascular accidents account for the vast majority of sudden 
deaths (East and Bain '* and White ‘*). The probable mechanism of 
these deaths is the onset of ventricular fibrillation which so often follows 
acute obstruction of the coronary arteries (Fulton*’® and Smith**). 
Cerebrovascular accidents usually cause a much slower death. In a 
discussion of the cause of sudden death in patients suffering from periph- 
eral vascular thromboses, an embolic cause of sudden death must be 
considered. Pulmonary emboli must be extremely large to be quickly 
fatal. When repeated embolization of the lungs occurs, death may 
ensue suddenly after a number of the branches of the pulmonary artery 
have been plugged. In such cases there is a clear history of the earlier 
embolic episodes, as in case 6. In the latter instance the origin of the 
emboli was a mural thrombus in the ventricle on the right side following 
an occlusion of the coronary arteries and myocardial infarction. Cere- 
bral emboli from thrombi in the extremities can occur only in the 
presence of a congenital cardiac defect. Otherwise, in the absence of 
endocarditis, mural thrombi of the left ventricle situated over myo- 
cardial infarcts would have to be postulated to explain such emboli. 
With all these points clearly in mind, we believe that it is a safe 
assumption that the five sudden deaths resulted from vascular accidents 
in the coronary vascular system or possibly in the cerebral arteries. 
Unfortunately, autopsies were not obtained in any of the five cases 

Disease and Thrombosis of the Coronary Arteries: A diagnosis 
during life of disease or thrombosis of the coronary arteries was made 

11. Reuter, F.: Wien. klin. Wchnschr. 39:1086, 1926. 

12. Vibert, C.: Ann. d’hyg. pub. et de méd. lég. 33:193, 1895. 

13. East, C. F. T., and Bain, V. W. C.: Recent Advances in Cardiology, Phila- 
delphia, P. Blakiston’s Son & Co., 1929. 

14. White, P. D.: Heart Disease, New York, The Macmillan Company, 1930. 

15. Fulton, F. T.: Am. Heart J. 1:138, 1925. 

16. Smith, F. M.: Ligation of Coronary Arteries, Arch. Int. Med. 22:8 (July) 
1918. 
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in thirteen cases (31, 32, 34, 35, 36, 38, 39, 40, 41, 42, 43, 46 and 47), 
or the patients died of what was considered a sudden coronary occlusion. 
Autopsies were obtained in only five cases (31, 42, 43, 46 and 47). 
.* In this patient a 
thrombotic occlusion of the left anterior descending coronary artery was 


Case 43 has already been reported by Buerger 


found ; the microscopic examination established the presence of arterio- 
sclerosis. It must be noted that this patient died at the age of 24, a 
rather unusual age for arteriosclerotic disease and thrombosis of the 
coronary arteries. Occurring with thrombo-angiitis obliterans, it takes 
on added significance, raising the question of the association of the two 
conditions. This will be discussed later. In the second patient (case 
31) arteriosclosis of the coronary arteries was present without throm- 
bosis. The third case (42) showed myocardial infarction, both old and 
recent, with calcification of the left anterior descending artery, occlusion 
of the left circumflex artery and arteriosclerosis of the right coronary 
artery. A.thrombotic occlusion (old and fresh) of the left anterior 
descending coronary artery with myocardial infaction was revealed in 
case 46, and occlusion of the left anterior descending coronary artery 
and an old occlusion of a large branch of the right coronary artery in 
case 47. Notwithstanding the absence of postmortem studies in the 
other eight cases the diagnosis was reasonably certain. In the past 
fifteen years the picture of disease and thrombosis of the coronary 
arteries has become clinically recognizable with ease and certainty. If 
the five cases of sudden death are added to the thirteen here, this group 
represents 38.5 per cent of all the fatal cases. 

Other observers have commented on the occurrence of involve- 
ments of the coronary arteries in cases of thrombo-angiitis obliterans. 
Lemann,'*® reviewing the literature until 1928, found three cases which 


had come to autopsy and added one. Jager,'® in a recent comprehensive 
article concerned with the pathologic process of thrombo-angiitis obliter- 
ans, described two patients who were found to have thrombosis of the 
coronary arteries at autopsy. He cited an additional case reported by 
Durck, of a man of 40, who died with the manifestations of heart dis- 
ease. At postmortem examination the coronary arteries were extremely 
narrowed. ‘The lesions considered specific by Buerger were not seen. 
Allen and Willius *° reported seven instances, clinically diagnosed, of 
disease of the coronary arteries in a series of two hundred and twenty- 
five living patients with thrombo-angiitis obliterans at the Mayo Clinic. 


17. Buerger, L.: The Circulatory Disturbances of the Extremities, Philadel- 
phia, W. B. Saunders Company, 1924. 

18. Lemann, I. I.: Am. J. M. Sc. 176:807, 1928. 

19. Jager, Ernst: Virchows Arch. f. path. Anat. 284:526, 1932. 

20. Allen, E. V., and Willius, F. A.: Ann. Int. Med. 3:35, 1929. 
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They concluded that “incidence of disease of the coronary arteries in 
thrombo-angiitis obliterans as it occurs in our experience is probably not 
materially greater than the association with other diseases in the same 
age group.” Samuels and Feinberg ** examined fifty patients by all 
available methods for evidence of disease of the coronary arteries and 
found that “five of these cases (10 per cent) showed definite clinical or 
electrocardiographic evidence of myocardial damage, presumably due 
to coronary artery lesions.” Barron and Linenthal,** directing attention 
to the general distribution of the disease in the body, suggested that 
disease of the coronary artery in the younger age groups, in the absence 
of peripheral vascular disease, might well be due to thrombo-angiitis 
obliterans of these vessels. As yet there is no clear evidence for this 
view, with which we find it difficult to agree. 

Although from a study of our cases no definite stand can be taken 
about the incidence of disease of the coronary arteries in living patients 
with thrombo-angiitis obliterans, it is strikingly evident that-a relatively 
large number of patients (38.3 per cent) died as a result of what can 
be suspected clinically to be disease of the coronary arteries. We are 
not acquainted with any reliable statistics giving the incidence of death 
from coronary thrombosis in the general population in the age groups 
represented by our patients, but it is our impression that it is much less 
than 38 per cent. It is true that the typical lesions of thrombo-angiitis 
obliterans have never been definitely identified in the coronary vessels. 
Nevertheless the greater incidence of sclerosis and thromboses in the 
coronary arteries of patients with thrombo-angiitis obliterans is a sig- 
nificant occurrence, suggesting that there is more than a casual associa- 
tion between these two conditions. 

Cerebral Thrombosis: One patient (case 37) died at the age of 44, 
after an attack of hemiplegia. He had had thrombo-angiitis obliterans 
for five years, during which time one leg had been amputated. No 
autopsy was permitted, so the vessels could not be examined. The 
occurrence of cerebral manifestations in thrombo-angiitis obliterans 
has been recorded in the literature. Buerger** described one patient 
(our case 43) who died manifesting cerebral symptoms, to which 
Suerger drew special attention. Autopsy on two of our patients (cases 
46 and 47), who died of occlusion of the coronary arteries, revealed 
some cerebral vascular closures also. Barron and Linenthal ** described 
two cases of clinical thrombo-angiitis obliterans in which hemiplegia 


21. Samuels, S., and Feinberg, S.: Am. Heart J. 6:255, 1930. 
22. Barron, M. E., and Linenthal, H.: Thrombo-Angiitis Obliterans, Arch. 
Surg. 19:735 (Oct.) 1929. 
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appeared in the absence of hypertension or syphilis. In addition they 
cited Cserna’s ** case in which there was cerebral involvement. Oppel *4 
published an instance of thrombo-angiitis obliterans with thrombosis of 
the vertebral artery and hemiplegia (quoted by Barron and Linenthal). 
In a recent paper Bauer and Recht *° described a patient who had suf 
fered repeated cerebrovascular occlusions, and they quoted an additional 
case reported by Friedmann. In this last case histologic examination of 
the cerebral vessels seemed to confirm the diagnosis of thrombo-angiitis 
obliterans. Two of Jager’s ’® patients had cerebral symptoms, and after 
death examination revealed multiple cerebral vascular closures. In the 
experience of one of us (S.S.) cerebral involvement clinically has bee: 
observed in many patients. There has been no opportunity to obtain 
pathologic confirmation in any of these cases. In the absence of syphilis, 
hypertension, intracranial tumors, hemorrhagic disease or multipl 
sclerosis, intracerebral vascular occlusion in relatively young persons 
who have occlusive peripheral vascular disease is of considerable sig 
nificance. In addition to emphasizing the frequency of thrombotic 
processes (whatever their underlying pathologic process) in thrombo 
angiitis obliterans, such occurrences raise the question of their relation- 
ship to the underlying disease. 

Intra-Abdominal Thromboses: Three cases (33, 44 and 45) are 
listed under this heading. Two of these have been reported by 
Buerger.'7 The remaining case (33) is of interest because of the 
nature of the microscopic lesions in the thrombosed celiac and mesenteric 
arteries. This will be discussed later. 

Aside from the two cases reported by Buerger (our cases 44 and 
45), we have found only a few other reports of cases of intra-abdominal 
vascular occlusion in patients with thrombo-angiitis obliterans. Meyer 
reported the case of a man who had thrombo-angiitis obliterans from the 
age of 31. Both legs were amputated, the first one at 35 and the other 
at 37. At the age of 47 an illness characterized by distention, abdominal 
cramps, vomiting and visible peristalsis suggested the diagnosis of occlu- 
sion of the mesenteric artery, which was confirmed at operation. Among 
the cases discussed by Jager *?® which came to autopsy, five showed 
thrombotic occlusion of intra-abdominal vessels: the superior and 
inferior mesenteric, renal, spermatic and suprarenal arteries and the 
abdominal aorta. Our third case (33) is an addition to the record. 


23. Cserna, S.: Wien. Arch. f. inn. Med. 12:213, 1926. 

24. Oppel, V. A., quoted by Barron and Linenthal.?4 

25. Bauer, J., and Recht, G.: Wien. Arch. f. inn. Med. 23:11, 1932. 

26. Meyer, J.: Intermittent Claudication (Thrombo-Angiitis Obliterans) 
Involving the Intestinal Tract, J. A. M. A. 83:1414 (Nov. 1) 1924. 
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esenteric thrombosis with Ortner’s syndrome was suspected in two 
ther cases (23 and 30), but because of the nature of the deaths they 
re included in other groups. In case 23 autopsy confirmed this clinical 
pression. It is well to keep in mind that colicky pains, spasmodic 
bdominal discomfort, intractable intestinal gaseousness, diarrhea or 
oody stools in a person with peripheral vascular disease may indicate 
mesenteric arterial thrombosis. Here again the association between vis- 
ceral thromboses and thrombo-angiitis obliterans is so striking that it is 


difficult to accept an accidental relationship. 


COMMENT ON CASES IN GROUP 

This group is comprised of patients with thrombo-angiitis obliterans 
who succumbed to vascular accidents in parts of the body apart from the 
extremities. These observations assume greater interest when it is 
recognized that this group of patients represents almost 50 per cent 
of all the cases presented here (twenty-two of forty-seven). If the 
twelve patients who died of intercurrent nonvascular disease, accident 
or suicide are omitted, this group represents 63 per cent of the total 
(twenty-two of thirty-five). 

Of interest and importance is the nature of the occlusive vascular 
process occurring in the heart,*’ brain or intestinal and other intra- 
abdominal vessels. 

It is difficult to believe that thrombo-angiitis obliterans is restricted 
solely to the vessels of the extremities. Jager,’® who studied the problem 
intensively, seemed convinced that the pathologic changes which he con- 
sidered characteristic of the disease are the same for the different sizes 
of arteries in all parts of the body, and he concluded that thrombo- 
angiitis obliterans occurs in the most widespread and different sites. 
rhose particularly interested in the pathologic process of thrombo- 
angiitis obliterans are referred to the thorough and illuminating contribu- 
tions of Jager. Others have suggested the likelihood of involvement of 
other parts (Barron and Linenthal,?* Lemann,'* Buerger '*). None of 
the last-mentioned workers could confirm their impressions with patho- 
logic evidence. However, when in a series of forty-seven patients it 
can be demonstrated that twenty-two succumbed to visceral vascular 

27. Perla in a recent letter to one of us (S. H. A.), in which he commented 

n his case of thrombo-angiitis obliterans of the coronary arteries, said in part: 
‘The case was a bona fide instance of thrombo-angiitis obliterans. The coronary 
arteries were severely involved in apparently a mixed process. There was arterio- 
sclerosis of the coronary vessels with a recent thrombotic occlusion. In view of 
the fact that the lower portion of the aorta and iliac arteries showed evidence of 
hrombo-angiitis obliterans, it was considered that the thrombosis of the coronary 
irteries was part of the same process. I could not find, however, evidence of acute 
nflammation of the coronary arteries.” 
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accidents, it becomes evident that an inconsistency exists. The solution 
probably lies in the pathologic criteria. Only in the acute stages of the 
disease, when all the arterial layers are involved in an inflammatory 
process, infiltrated with polymorphonuclear leukocytes, with purulent 
foci and giant cells in the lumen and red thrombus masses occluding 
the vessels, can the pathologic diagnosis of thrombo-angiitis obliterans 
be made with certainty. Buerger stated that such lesions are uncommon 
in the deep vessels of the extremities. Perla ** did not see one such 
lesion in any of the extremities he examined. One of us (S.S.), in 
the examination of a large number of amputated extremities, did not 
find these typical lesions in the deep vessels. How unlikely it is, then, 
that one should find such lesions in the inaccessible and relatively less 
frequently involved internal organs. Concerning the pathologic picture 
in the later end stages, the differentiation between thrombo-angiitis 
obliterans and arteriosclerosis in the vessels of the extremities can be 
made. The involvement of veins and nerves and the relatively spared 
internal elastic layer in the artery serve to denote the thrombo-angiitic 
process. In the other organs of the body, however, the end-stage of 
many types of occlusive vascular disease with thromboses presents the 
same pathologic picture. Special features which might be of aid in 
defining the origin of the process cannot be identified. The problem of 
correctly interpreting these pathologic pictures is made more difficult 
by reason of the fact that arteries involved in any process become the 
site of marked secondary arteriosclerotic changes which often over 
shadow and obscure the characteristic lesions of other diseases. The 
general inaccessibility of these internal organs, the infrequent oppor 
tunity one has to examine such organs early in the disease, the paucity 
of postmortem material and, until recently, the lack of attention to the 
problem are all factors which have retarded a satisfactory solution of 
the difficulty. 

It is not the purpose of this article to discuss the detailed pathologic 
aspects of this problem. We merely wish to point out that as patho- 
logic studies fail to establish the diagnosis of thrombo-angiitis obliterans 
in the vessels of the thoracic or abdominal organs, the acceptance of the 
occurrence of the disease in these organs for the time being must be 
presumptive. Therefore, great significance must be attached to the fact 
that a considerable percentage of patients with thrombo-angiitis obliter 
ans die of vascular accidents. If these visceral vascular processes are 
not identical in nature with that in the peripheral vessels, it may be that 


the presence of thrombo-angiitis obliterans in a person predisposes him 
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abnormal thrombotic tendencies or to early degenerative general 
vascular changes, or that these patients possess a constitutional inferiority 
of the entire vascular system which displays local variations. We wish 
to emphasize that we cannot establish from the pathologic data available 
the nature of the extrapedal vascular processes, nor do we wish to record 
a dogmatic opinion. It is our purpose to point out that such vascular 
thromboses and occlusions occur in many vessels of the body in cases of 
thrombo-angiitis obliterans. Until the pathologic process of vascular 
disease in general receives more detailed description and classification 
the diagnosis of thrombo-angiitis obliterans in the visceral vessels will 


be a clinical achievement more often than a pathologic one. 


OBSERVATIONS AT AUTOPSY 


Published reports of pathologic data on cases of thrombo-angiitis 
obliterans coming to autopsy are rare. We found only those of Buerger 
(three cases), Perla (one), Lemann (one), Dean Lewis * (one) and 
Jager (seven). 

Nineteen of our cases, which include the three described by Buerger, 
came to autopsy. Summaries of the relevant observations are appended 
to the clinical abstracts. 

In eleven (58 per cent) of the nineteen vascular thromboses occurred 
in arteries other than those of the extremities. They were situated 
variously in the hepatic artery (case 31), coronary arteries (cases 6, 33, 
$2, 43, 46 and 47), celiac axis (cases 33 and 45), mesenteric vessels (cases 
23, 33, and 45), abdominal aorta (cases 6, 20 and 44) and cerebral 
vessels (cases 46 and 47). The last case (15) cannot be classified as 
examination was incomplete. No attempt will be made here to discuss 
the more detailed microscopic pathologic changes in the visceral and 
coronary vessels which were thrombotically occluded. In all the arteries 
examined in all the cases except one (33) the lesions of arteriosclerosis 
were readily identified. The inclusive nature of such a pathologic pic- 
ture has already been commented on. In case 33 there was thrombosis 
of the celiac axis, the superior and inferior mesenteric arteries and the 
right coronary artery. The lesions in the celiac axis, particularly, sug- 
gested thrombo-angiitis obliterans. An organized thrombus with occlu- 
sion and recanalization, minimal changes in the internal elastic layer 
and the presence of cells containing iron pigment were the features 
which warranted the opinion that the usual type of arteriosclerotic 
change did not exist here. Similar microscopic pictures were seen in 


29. Lewis, Dean: Spontaneous Gangrene of the Extremities, Arch. Surg. 15: 
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sections of the superior and inferior mesenteric arteries. These resei 
bled those described by Buerger as the “old type” of lesion in th 
extremities. 

IXxamination of the autopsy material revealed the presence of the 
accepted arterial lesions considered pathognomonic of thrombo-angiitis 
obliterans in the extremities in only one (case 33) of the nineteen cases 
examined. Nevertheless, the fact already emphasized, that thromboses 
occur in parts of the body other than the extremities in cases of thrombo- 
angiitis obliterans was amply confirmed. 


0 


Lewis Conner *° recently pointed out that arterial thromboses in th: 
abdominal viscera are probably more common than is generally appr 
ciated. He suggested application of our knowledge of the events follow 
ing a thrombosis of the coronary or cerebral arteries to the problem 
of the recognition of visceral vascular occlusion. This admonition t 
consider the possibility of visceral arterial thromboses applies par 
ticularly to patients with thrombo-angiitis obliterans, for, as has been 
shown, such thromboses are common and not infrequently are the cause 
of the fatal termination in this disease. 


SUMMARY 

1. The clinical and pathologic data of forty-seven patients who died 
of thrombo-angiitis obliterans are presented. 

2. The extremities involved, the number of amputations, the age of 
incidence and the duration of the disease are discussed. 

3. The causes of death are classified in 4 groups: (1) operative 
intervention (7 cases); (2) intercurrent disease, accidents and suicid 
(12 cases) ; (3) asthenia and cachexia (6 cases), and (4) extraperiph- 
eral occlusive vascular accidents and sudden death (22 cases). Each 
of these groups is discussed. 

4. Particular attention is directed to the predominance of vascular 
occlusions in parts of the body other than the extremities. Cases with 
coronary thrombosis, mesenteric or cerebral arterial thromboses are 
grouped and discussed. It is suggested that the occurrence of these 
phenomena in cases of thrombo-angiitis obliterans is not merely coinci- 
dental and that there exists some significant connection between thi 
multiple visceral and cerebrovascular thromboses and the clinically 
typical involvement of the vessels in the extremities. 

5. The pathologic aspect of the problem of the existence of thrombo- 
angiitis obliterans in vessels other than those in the extremities is briefly 


commented on. 


30. Conner, Lewis A.: Am. J. M. Sc. 185:13, 1933. 





AV ERBUCK-SILBERI—THROMBO-ANGITIS OBLITERANS 465 

6. Nineteen cases brought to autopsy are considered. Analysis con- 
rms the frequent occurrence of visceral and cardiac arterial thromboses 
in thrombo-angiitis obliterans. 

CONCLUSION 

A consideration of the causes of death of forty-seven patients who 
had thrombo-angiitis obliterans reveals that such patients often die as 
result of thromboses in the arteries of the heart, brain and intestines. 


(he frequency of such vascular involvement forces the conclusion that 


a bona fide association doubtless exists and that the thrombotic occlusive 
related to the established 


manifestations outside the extremities are 


disease process. 


1126 Park Avenue. 





INFECTION AND THE TOLERANCE FOR DEXTROSE 
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Diseases of a cutaneous nature have long been associated with the 
ingestion of carbohydrate. The introduction of modern biochemical and 
micro-analytic methods has made possible the investigation of this inter- 
esting relationship. In addition the field has been enlarged, and now 
includes a variety of infections other than those essentially dermatologic. 
The problem, however, as a scientific study is complicated by the many 
factors involved in carbohydrate metabolism, each of which takes part 
in the transformations which the carbohydrate molecule undergoes in 
the animal body. 

The first studies in this field were devoted primarily to an examina 
tion of the values for blood sugar after fasting in the more common 
dermatoses: acne vulgaris, seborrhea, psoriasis, sycosis, eczema, derma- 
titis rosacea, urticaria, etc. Earlier investigators (Schwartz, Highman 
and Malinkin,’ Levin and Kahn,? McGlasson,* Haldin-Davis and 
Wills *) reported hyperglycemia with fasting in most of the aforemen 
tioned conditions. ‘The more recent studies, however, have not con 
firmed the earlier work. Thus, in 462 dermatologic cases Loeb ° noted 
hyperglycemia only in dermatitis intertriginosa. Muller,® Stricker and 
his co-workers ‘ and Matsumoto * also found no pathologic increase in 
blood sugar if glycosuria was absent. Concerning their 875 dermato- 
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logic cases Schamberg and Brown ® stated that “we have been impressed 
with the comparatively small part which hyperglycemia plays in the 
production of cutaneous diseases.” In a recent study of 600 patients 
with the more common diseases of the skin Fisher *° reported that hyper- 
glycemia was rarely found, and that the determination of the blood 
sugar possessed no diagnostic value. Tauber’! (511 cases) also 
reported no hyperglycemia in common disorders of the skin. In fact, 
in a series of 189 cases of furunculosis he administered dextrose intra- 
venously for six successive days, and stated that the results were 
remarkably good. From this brief résumé it seems obvious that the 
value for blood sugar obtained after fasting in dermatologic conditions 
possesses no diagnostic value, since significant variations from normal 
apparently rarely occur. 

The tolerance for dextrose has been studied in connection with 
cutaneous disorders with results somewhat more conflicting. Mannino '° 
utilized the test in 52 dermatologic cases, and observed no appreciable 
alteration in carbohydrate metabolism. In a similar study Greenbaum '* 
reported: “If there is any connection between the intake of sugar 
and pustular acne or if intolerance for sugar is part of an endocrine 
imbalance generally believed to be present in acne, this test does not 
appear to be of help in detecting it.” In 1932 Rost,’* utilizing a technic 
for the injection of dextrose intravenously for the tolerance test, found 
no pathoglycemic curves in the common cutaneous disorders. On the 
other hand Ayres found that the values for blood sugar at various 
periods of the dextrose tolerance test were higher than the average values 
at corresponding periods in clinically normal people. Confirmatory evi- 
dence has been presented by Usher,’® Norducci,'* Fugino '* and Camp- 


bell... Somerford *° recently studied the blood sugar at forty-five and 
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ninety minute intervals after the oral ingestion of 50 Gm. of dextrose 
He concluded that : 


In cases of eczema an increased amount of sugar in the blood occurred in thos: 
types in which there was an exudation present in the epidermis, either intracellular 
or extracellular, but as soon as the exudation was allowed to escape externally (i: 
which case it could be assumed that it was being absorbed into the blood strean 
in smaller amounts than before) there was a decrease in the blood-sugar content 
It seems probable from this finding, therefore, that the hyperglycemia is due 1 
the absorption of epidermal products present in the cutaneous exudate. 


It seems apparent, therefore, that the majority of investigators feel that 
a disturbance in the carbohydrate mechanism is present, as shown in 
most dermatologic diseases by the dextrose tolerance test. 

In regard to acute febrile conditions, Sick ** reported normal blood 
sugar after fasting but the blood sugar curve was still abnormally high 
four hours after the ingestion of dextrose. However, Andresen and 
Schmidt ** studied cases of malaria, typhoid fever, measles, erysipelas, 
scarlet fever and dysentery during the febrile period and found, with 
the exception of measles, higher rather than normal values for the blood 
sugar after fasting. Geiger ** and Weiland ** noticed the development 
of hyperglycemia with fasting during the period of rising temperature 
in febrile conditions with a subsequent return to normal as the tempera 
ture fell. Williams and Dick *° found glycosuria present in 41 per cent 
of their patients with acute infectious diseases (scarlet fever, diphtheria, 
pneumonia, influenza). This glycosuria was accompanied by a lowered 
carbohydrate tolerance, as shown by dextrose tolerance curves both in 
acute infectious conditions and in experimental infections produced in 
animals. They found that the administration of insulin improves the 
animal’s tolerance for dextrose and suggested that in infectious and 
febrile diseases there is often an injury to the islets of Langerhans with 
a consequent lowered production of insulin. Labbé and Boulin *' 
observed glycosuria and disturbed carbohydrate tolerance in most of 
their febrile patients. Sweeney and Lackey ** performed daily dextrose 
tolerance tests on rabbits in which toxemias had been produced with 
diphtheria toxin. Under these experimental conditions toxic rabbits 
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revealed a distinct decrease in tolerance for dextrose which became more 
marked as the toxemia progressed. They felt this to be suggestive of 
a quantitative relationship between toxemia and tolerance (or rather 
intolerance) for dextrose. In a second series of rabbits ill from diph- 
theria toxin 2 units of insulin was injected daily, fifteen minutes after the 
administration of dextrose. ‘The toxemia appeared to have little if any 
effect on the injected insulin. On the basis of these experiments 


8 


Sweeney ** suggested that the effect of toxemia is to suppress the endo- 
genous production of insulin. Downie *® and his associates and 
Schwentker and Noll *° reported similar findings. On the other hand 
Lawrence and Buckley *! found that the action of insulin is inhibited 
by diphtheria toxin in rabbits, and at necropsy noted signs of overac- 
tivity in the thyroid and suprarenal glands. 

Along somewhat similar lines Delafield ** recently studied the effect 
on rabbits of suspensions of dead organisms injected intravenously. He 
found that gram-positive organisms produced no obvious illness and no 
significant changes in the blood sugar or in the blood inorganic phos- 
phorus. However, eight of twelve gram-negative organisms produced 
illness with hyperglycemia and low inorganic phosphorus. Delafield 
concluded that it could not be asserted that the hyperglycemic substance 
is identical in the different bacteria tested, but that such a substance 
exists was suggested by the work of Menten and King,** who found 
that the precipitate obtained from a filtrate of a culture of Bacillus 
aertrycke produced a rise in blood sugar and toxic effects. When pus 
from metastatic abscesses or blood serum taken from persons with dia- 
betes mellitus complicated by infection is mixed with insulin, its ability 
to lower the blood sugar is decreased.** Buckley ** noted that the sub- 
cutaneous injection of trypsin tends to inhibit the action of insulin in 
rabbits. 


Kohn and Felshin ** found that in children with lobar pneumonia 


a dextrose tolerance test within two days after the crisis gave a diabetic- 
like blood sugar curve. When the test was performed more than two 
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days after the crisis the blood sugar curve was normal. Acetone was 
present during the febrile period. But, according to Binger, Hastings, 
Sendroy, Mailt and Morgan,** true ketosis does not exist during lobar 
pneumonia. Recently Geoffrey, Mitchell and Kolb ** observed an inter- 
esting relationship between the acid-base balance of the blood and toler- 
ance for dextrose. They found that the ingestion of large amounts of 
ammonium chloride by young healthy male adults reduced the alkaline 
reserve of the plasma to a diabetic level—32 per cent by volume. When 
dextrose was given at this stage a definite intolerance was exhibited, 
shown by abnormally high blood sugar curves with a tardy return to 
normal but no glycosuria. Sodium bicarbonate produced little variation 
in the acid-base equilibrium or in the blood sugar response to the inges 
tion of dextrose. Mitchell and Kolb pointed out that the acidosis of 
diabetes may have a contributory effect on the changes in carbohydrate 
metabolism as encountered in this disease, 

In a field less extensively studied, namely, the influence of pyogenic 
organisms on the carbohydrate metabolism, Picard ** observed hypergly- 
cemia after fasting, but no glycosuria, in patients with multiple car- 
buncles, furuncles or abscesses of various types. Nissle,*® however, 
found that the blood sugar values of patients with staphylococcic and 
streptococcic infections with extensive inflammation (carbuncles, furun- 
cles, abscesses, erysipelas) were always normal. Seitz ** studied sixteen 
streptococcic and forty staphylococcic infections, eighteen of the latter 
being due to carbuncles, besides several perinephritic abscesses. In no 
case was alimentary hyperglycemia present. On the administration of 
dextrose, however, the patients with carbuncles and_ perinephritic 
abscesses and, to a lesser degree, the remaining patients with staphy- 
lococcic infections showed a definite intolerance. On the other hand 
the cases of streptococcic infection revealed no impairment of carbohy- 
drate metabolism—the blood sugar remaining within normal limits after 
the ingestion of dextrose. 

Recently Evans, Riding and Glynn ** observed that oral sepsis in 
nondiabetic patients was usually associated with a slight but definite 
diminution in tolerance for carbohydrate, which improved on subsequent 
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dental treatment. Holcomb ** previously reported 2 cases with similar 
results, in one of which there were infected teeth, and in the other 
sinusitis. 

Within the last generation the specific relationship between focal 
infection and arthritis has become well established in medical science. 
Pemberton and his co-workers ** discovered that “60 per cent of all 
arthritic patients present delay in the rate at which sugar leaves the 
blood after ingestion by mouth, and that this delay grows less or disap- 
pears after recovery from arthritis, whatever the treatment employed.” 
Comparable results have been reported by Holsti,*® Fletcher,*® War- 
field,** Hench ** and Olmsted and Gay.*® That normal blood sugar 
curves are obtained on removal of the foci of infection or on recovery 
from arthritis has been confirmed by Pringle and Miller.°°  Contra- 
dictory evidence has been obtained by Schackle and Copeman *' recently. 
They stated: “In several patients with true rheumatoid arthritis multiple 
curves were plotted at varying stages, the latter curves often being 
after several months’ treatment with insulin (in most instances with 
great benefit clinically) but in no case was any remarkable improvement 
in the glucose tolerance curve observed. Indeed, subsequent curves 
generally showed striking resemblances to those previously obtained.” 

It seems apparent, from this brief survey, that a general relationship 
exists between infection, whether dermatologic, febrile, inflammatory, 
dental or arthritic, and the carbohydrate tolerance test. Whereas most 
workers report normal blood sugar values after fasting in these condi- 
tions, they almost uniformly agree that some abnormal factor concerning 
the carbohydrate mechanism is present in view of the fact that patho- 
glycemic blood sugar curves are usually obtained on the ingestion of 
dextrose. 

The effect of cellulocutaneous infections on the rate of removal 


of sugar from the blood after the ingestion of dextrose has been studied 


but little. Therefore, the present work was devoted primarily to an 


investigation of the effect of pyogenic infections of cellular and connec- 
tive tissues, generally included under the term cellulitis, on the dextrose 
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tolerance test. In addition a small group of systemic diseases with 
febrile manifestations and a considerable number of arthritic and rheu 
matoid conditions have been studied. 


PROCEDURE AND METHODS 

The usual methods, technic and precautions were observed. The quantity of 
dextrose used for a dextrose tolerance test varies both in this country and on the 
continent. We used 1.5 Gm. of pure dextrose per kilogram of body weight in 
about 300 cc. of water to which ice and the juice of a lemon were added. This 
fairly tasty drink was given in the morning after a twelve hour fast. Nausea 
was rarely observed. The patients were instructed to refrain from smoking dur 
ing the course of tne test. This precaution was taken in view of the fact that 
Lundberg and Thyselius-Lundberg °2 discovered that the blood sugar values rise 
on the consumption of tobacco, owing, they contend, to the fact that the nicotine 
stimulates the production of epinephrine. 

A specimen of blood (from 5 to 6 cc.) was taken after fasting by venipuncture 
just prior to the ingestion of dextrose and transferred to a small jar containing 
10 mg. of dry, finely powdered sodium oxalate. Similar samples of blood were 
taken at one hour, two hour and three hour intervals following the administration of 
the dextrose. At the same time specimens of urine were collected. Each specimen 
of blood was precipitated immediately by the Folin-Wu°? method as modified by 
Haden.°* The blood sugar was determined by the Benedict ®> method and the 
blood urea by direct nesslerization 5* as modified by Looney.5? Every precaution 
was taken to insure accuracy of results. Bacteriologic work was not performed in 
a number of cases because the patients entered the hospital with the infected area 
open and draining. The data are given in tables 1, 2 and 3. 


RESULTS 


Seventy-three cases have been studied during this investigation: 36 


presenting localized pyogenic infections, 9 generalized febrile conditions 


and 28 arthritis and rheumatism. Eighteen of the cases of pyogenic 
infections, especially those with cellulitis, were studied in duplicate. 
Thus a tolerance test was performed during the course of the infection, 
usually at the early acute stage when there was present, as a rule, a 
definite elevation of temperature and again when the condition had 
cleared up and the patient was ready to go home. 

Any discussion of glycemic curves necessitates observations on sev- 
eral points: the fasting level, the height to which the blood sugar rises 
after the administration of the dextrose, the capacity of the tissues and 
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the glycogenic organs to remove sugar from the blood, or the speed 
with which the blood returns to the fasting level, and glycosuria. We 
have interpreted our data on the basis of a normal range of blood sugar 
levels after fasting of from 80 to 120 mg. per hundred cubic centimeters 
of blood. In addition the blood sugar level should not rise above from 
150 to 180 mg. and should be back to the normal level after fasting, or 
slightly below, within two hours after the ingestion of dextrose. There 
should be no glycosuria at any time. 

The data in table 1 indicate that pyogenic infections markedly 
decrease the patient’s tolerance for dextrose or at least decrease the 
rate at which sugar is removed from the blood stream. Among the 36 
patients given dextrose tolerance tests when the infection was at the 
acute stage, 29 (72 per cent) yielded distinctly abnormal curves. Prac- 
tically all the patients with cellulitis gave diabetic-like blood sugar 
curves. A few with abscesses or subsiding infection yielded normal 
curves. Asa rule, however, the blood sugar rose well above 180 mg. per 
hundred cubic centimeters, frequently as high as from 250 to 350 mg. 
In addition the excess sugar was removed slowly from the blood 
stream; even at the two hour period it usually ranged from 150 to 317 
mg. Despite these high blood sugar values only 4 cases showed appre- 
ciable glycosuria, which, incidentally, disappeared when the test was 
repeated after the infection had subsided. The dextrose threshold, 
therefore, is generally high during the course of an infection. 

When the patient was ready to go home, after the infection had 
subsided and healing was practically complete, a second dextrose toler- 
ance test gave blood sugar curves almost invariably within normal 
limits with no concomitant glycosuria. In most cases the improvement 
in carbohydrate tolerance was marked, as can be seen from table 1. 

The most pathoglycemic curves were obtained in the types of strep- 
tococcic and staphylococcic infections which are generally included in 
the term cellulitis. This was particularly true in cases showing large, 
inflamed, pustular areas with an accompanying rise in temperature. 
However, an elevated temperature per se does not necessarily result 
in abnormal blood sugar curves (cases 30, 34, 35 and 36); also high 
hlood sugar curves were frequently obtained when the temperature was 
within normal limits (cases 5, 10, 16, 22, 24, 25, 26 and 27). 

Seitz ** found that infections (pyogenic) produced by streptococcic 
organisms do not influence dextrose tolerance curves, although infections 
by staphylococcic organisms do. Although the number of our cases 
in which bacteriologic examination was made is insufficient to permit 
definite conclusions to be drawn as to the specific effect of each group 
of organisms, the data suggest that the greater disturbance in car- 


bohydrate metabolism is produced by the streptococcic organisms. This 
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disturbance in carbohydrate tolerance seems to be even greater, however, 
when the infection is due to a mixture of these two groups of organisms. 
We hope to study this phase of the problem more extensively. 

The data in table 1 can best be summarized by averaging all th: 
blood sugar values for each test interval. This has been done for thx 
tests performed both during and after the infection, with the results 
shown in table 2. From table 2 it can readily be seen that the averag: 
blood sugar curve during a pyogenic infection is higher and much mor 
prolonged than that given by the normal person. In addition the averag: 
curve secured after the infection has subsided comes easily within no: 
mal limits. Hence the disturbance in carbohydrate metabolism produced 
by this type of infection is only temporary. 

While many workers have reported high blood sugar values afte: 
fasting during infection, especially if the temperature is above normal, 


TasBLeE 2.—Average Blood Sugar Values for Each Test Interval in Cases 
Pyogentc Infections 


During Infection After Infection 
a = A 
Number of Average Number of Average 
Determina- Blood Sugar, Determina- Blood Sugar, 
Time tions Mg. per 100 Ce. tions Mg. per 100 (< 
Fasting...... dccekees >t dhaaee oe 36 106.1 16 102.6 
1 hour.. ; Ms ; 36 195.3 l¢ 161.7 
2 hours.. peawe aR ere 36 178.9 l¢ 114.8 
RE ee riree 36 135.6 16 91.8 


we found, with few exceptions, normal values, and the average of the 
36 blood sugar values after fasting was 106.1 mg. The temperature 
of 25 of the 36 patients ranged from 99 to 103 F. when the first test 
was made. At this time their blood sugar after fasting averaged 104.9 
mg. per hundred cubic centimeters. Eleven patients whose temperatures 
were normal (approximately 98.6 F.) at the time of the infection had 
an average blood sugar value after fasting of 109 mg. per hundred cubic 
centimeters. It seems obvious, therefore, that infection and elevated 
body temperature per se do not consistently result in a fasting hypet 
glycemia. 

The 9 cases of nonpyogenic febrile infections reported in table 3 
yielded abnormal blood sugar curves. Case 43 (tertian malaria) showed 
a normal glycemic curve when the test was repeated after the patient 
had recovered. The blood sugar values after fasting were normal 
throughout. 

Table 4 contains data on 28 patients with arthritis and rheumatoid 


conditions, 15 of whom (53.6 per cent) gave high and prolonged blood 


sugar curves. 
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Thus, while the average blood sugar level during the course of the 
dextrose tolerance tests did not rise above the maximum normal limit, 
although it did in individual cases, the average blood sugar value 
at the two hour interval was distinctly above normal (161.8 mg.). This 
abnormality in carbohydrate tolerance is in accordance with the findings 
of Pemberton *4 and other students of arthritis. The blood sugar values 
after fasting were normal, averaging 100.1 mg. per hundred cubic centi- 
meters. Glycosuria (from traces to + plus) was noted in 8 cases during 
the tests. 

From the fact that a patient usually shows a diabetic-like response 
of the blood sugar to the ingestion of dextrose, frequently with glyco- 
suria, during an infection and a normal response on recovery, a diag- 
nosis of diabetes from data on dextrose tolerance should be made with 
considerable circumspection until the influences of infection, if any, are 
entirely eliminated. In addition definite conclusions can hardly be drawn 


TaBLe 5.—Average Blood Sugar Values for Each Test Interval in Cases of 
Arthritis 


Number of Average Blood Sugar, 
Time Determinations Mg. per 100 Ce. 


Fasting...... 28 100.1 
1 hour after dextrose.... 28 179.: 
2 hours after dextrose.. 28 161.8 


3 hours after dextrose... 28 126.3 


until confirmatory evidence is secured from a second tolerance test 
performed after the patient has recovered. 

In a study of the chemistry of the blood in diseases of the skin 
Schamberg and Brown ® noted a tendency toward an increased concen- 
tration of nonprotein nitrogen, urea nitrogen and uric acid in eczema 
and generalized pruritus. As an incidental matter of interest we made 
determinations of urea nitrogen on the filtrates of a majority of the 
blood specimens after fasting. Whether the infection was pyogenic, 
febrile or arthritic, the values for the blood urea nitrogen were well 
within normal limits, with but 3 exceptions, cases complicated by lobar 
pneumonia (case 18) toxic nephritis (case 19) and glomerular nephritis 
(case 38). 

COMMENT 

From the data presented in this article and those available in the 

current literature, it can be stated definitely that infection, whether 


pyogenic, nonpyogenic, febrile, arthritic or, in many cases, dermatologic, 


results in a definite disturbance in carbohydrate metabolism or at least 
in the rate at which the sugar is removed from the blood stream. The 
exact cause of this alteration in the carbohydrate mechanism or the 
way in which this change is brought about is not definitely known. It 
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seems obvious, however, that this type of hyperglycemia is an associated 
phenomenon rather than an etiologic factor in the production of the 
infection. Ip a recent paper MacBryde ** emphasized the occurrence of 
relative resistance to insulin in uncomplicated diabetes mellitus. In 
addition he enumerated other types of resistance to insulin, such as 
infection, destructive pancreatic disease, disorders of other endocrin 
glands, hepatic disease, acidosis, coma, diseases of the skin and cardiac 
decompensation. Himsworth *® expressed the belief that insulin is 
secreted by the pancreas in an inactive form which requires activation 
by some unknown substance for which he tentatively proposed the nam« 
“insulin kinase.” This activating substance, he concluded, is produced 
in the liver. 

Somerford °° noted a greater abnormality in glycemia curves in the 
types of eczema in which an exudation is present in the epidermis. H¢ 
concluded that the hyperglycemia is due to the absorption of epidermal 
products present in the cutaneous exudate. Williams and Dick *° con 
cluded that the islands of Langerhans are injured in infectious and 


febrile diseases, resulting in a decreased production of insulin. 


Sweeney ** also suggested that infectious toxemia suppresses the endo- 
genous production of insulin. Downie ** concluded that the disturbed 
tolerance for dextrose may possibly arise from a disordered insulin 
epinephrine balance, but more likely from a disturbance of the glycogenic 
function of the liver and suppression of the endogenous produc 
tion of insulin. As far as arthritis is concerned, Pemberton ** stated 
that this phenomenon is primarily mechanical, being due to a failure of 
the blood to reach certain tissues adequately, especially the muscles. We 
have no new information to add to this interesting phase of the ques 
tion except to point out that our highest curves were generally obtained 
in the types of pyogenic infections usually included under cellulitis. 


SUMMARY 

Seventy-three cases of infection have been subjected to the dextrose 
tolerance test. Among these were 36 cases of pyogenic infections, of 
which 18 were studied both during and after the infection, 9 of non- 
pvogenic febrile conditions and 28 of arthritis and rheumatism. 

Among the 36 patients with pyogenic infection 29, or 72 per cent, 
gave distinctly pathoglycemic curves. The highest curves were obtained 
in cellulitis, the blood sugar on several occasions rising above 300 mg. 
and usually remaining elevated over three hours after the ingestion of 
dextrose. Despite such high blood sugar values, far above the generally 

58. MacBryde, C. M.: Insulin Resistance in Diabetes Mellitus, Arch. Int. 


Med. 52:932 (Dec.) 1933. 
59. Himsworth, H. P.: Lancet 2:935, 1932. 
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ccepted normal threshold of 180 mg., glycosuria was present in but 4 
ases. When the infection had disappeared and the patient was ready to 
vo home a second tolerance test almost invariably resulted in a normal 
blood sugar curve. Any previous tendency toward glycosuria had now 
lisappeared. 

Both streptococcic and staphylococcic organisms were effective in 
producing disturbances in the carbohydrate mechanism. 

The 9 patients with nonpyogenic febrile’ conditions also yielded 
abnormally prolonged blood sugar curves. 


\mong 28 patients with arthritis and rheumatoid conditions 15, or 


53.6 per cent, gave diabetic-like blood sugar curves. 


The blood sugar values after fasting in pyogenic, nonpyogenic 


febrile and arthritic conditions were, with few exceptions, well within 
normal limits. 

With 3 exceptions, cases in which obvious renal complications were 
present, the blood urea nitrogen level was within normal limits during 
the various infections. 


CORRECTION 
FURTHER OBSERVATIONS ON THE EFFECT OF 
ARDIAC STANDSTILL: EFFECT 
RELATED COMPOUNDS,” M. H 


DRUGS ON INDUCED 
OF EPINEPHRINE AND 
NATHANSON, M.D 


ARCH INT. MED. 54:1 (JULY) 19 


The legend for figure 4 (page 118), beginning with the second sentence, should 
read: B, C and D were taken after the intravenous injection of 0.2 mg. of 
rate of 100 with multiple rhythm 
was taken twenty-five minutes after the injection. 


l-epinephrine. £4 shows a maximum foci. 


In the legend for figure 7 the figure referred to in the last 





Book Reviews 


The Science of Radiology. Authorized by the American Congress of Radiology 
Edited by Otto Glasser. Pp. 450. Springfield, Ill.: Charles C. Thomas 
Publisher, 1933. 


One of the duties of Bryon Hubbard Jackson as Chairman of the Committe: 
cn History and Education of the American Congress of Radiology was the editing 
of a book which would denote the outstanding features developed in the scien 
of roentgenology from the time of Roentgen’s discovery to the period of the 
Congress. Dr. Jackson’s happy choice of editor was Otto Glasser, the director 
of the Radiation Research Department of the Cleveland Foundation. The result 
is a well edited and, considering its scope, a fairly comprehensive outline of the 
field it attempts to cover. Charles C. Thomas is the publisher, and the quality 
of design is up to his usual high standard. 

The first two chapters of the book are by Otto Glasser and deal with the lives 
of Roentgen and of Pierre and Marie Curie and with the discoveries of th: 
roentgen rays and radium. Then follow chapters on physics, apparatus, recording 
mediums and screens, dosimetry, diagnosis and so on. The list of contributors 
in addition to the editor, includes the following: William Evans, David Webster 
E. C. Jerman, William Collidge and E. E. Charlton, Arthur W. Fuchs, J. Came: 
Hudson, Percy Brown, Willis F. Manges, Hans A. Jarre, Ursus V. Portmam 
Gioacchino Failla and E. H. Quimby, Harry H. Bowing and Robert Fricke 
George M. MacKee, Hermann J. Muller, Charles Packard, Lauriston S. Taylor 
James T. Case, George Clark, Edward Skinner, Matthew Luckiesh, Arthur H 
Compton and William Seifriz. 


The Spread of Tumors in the Human Body. By Rupert A. Willis. Mono- 
graphs of the Baker Institute of Medical Research. Number 2. Price 

25 shillings. Pp. 540. London: J. & A. Churchill, 1934. 

Dr. Willis receives the reviewer’s enthusiastic praise for having produced a 
truly monumental work. Every physician has been intrigued by the natural history 
of the growth of tumors and has realized, more or less vaguely, that there are 
laws which govern the mode of spread of various neoplasms in the human body 
But while most are familiar with the cruder facts, such as the frequency oi 
metastasis to bone from cancer of the breast or prostate and the infrequency ot 
deposits in bone from cancer of the stomach, no accurate source of information 
has been available on the more intimate details of these matters. The author 
leaves no nook or cranny of the subject unexplored; indeed, one admires his 
penetrating curiosity almost as much as the results of the researches. Furthermore, 
this monograph serves as an example of scholarly methods. Every statement is 
documented, and there is a bibliography of more than two thousand titles. Above 
all, the style of writing has that charm which is essential in relieving the monotony 
which otherwise attends a subject largely statistical. The format is pleasing, and 
the illustrations are instructive. The reviewer ventures to predict that this book 
will take its place among the classics of medicine; he advises every physician ot 
literary inclination to secure a first edition. 


y Monroe A. McIver. Hoeber’s Surgical 
p. 340. New York: Paul B. Hoeber, Inc., 


Acute Intestinal Obstruction. B 
Monographs. Price, $7.50. P 
1934. 


After reading MclIver’s monograph one feels that there is nothing more + 
be said on the subject; if anything, the discussion has been almost too prolonged 
Part 1 deals with the etiology, pathology and clinical features of the various types 
of obstruction. In part 2 diagnosis and treatment are considered, whereas part 
is devoted to an analysis of the interesting problem of the cause of death. The 
writer seems specially qualified to deal with the whole subject, not only becausé 
of his clinical interests but because of his pioneer work with Gamble on th¢ 
chemical derangements associated with intestinal obstruction. The unsurpassed 
format of the Hoeber monographs is maintained with a profusion of excellent 
illustrations, charts and diagrams. The bibliography is thorough, and there is a 
good index. 





